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ABSTRACT OF THESIS 
 
IMPACT OF DIRECT-FED MICROBIALS ON NUTRIENT UTILIZATION IN BEEF CATTLE 
 The impact of lactate producing direct-fed microbial (DFM) on growth performance and 
rumen fermentation in beef cattle was explored in four studies.  Experiment 1 studied the 
interaction between DFM and degradable intake protein (DIP) supply in receiving cattle.  No 
differences (P≥0.06) in intake, morbidity, or immune response were observed; however, during 
the first 28 d gain and efficiency responses to DFM were dependent on DIP (DIP×DFM P≤0.05).  
Experiment 2 showed that in vitro gas production and select endpoint metabolites differed 
(P≤0.04) with DFM application.  Experiment 3 compared lactate producing DFM to a lactate 
producing/utilizing DFM in finishing cattle.  No differences (P≥0.14) in intake, gain, efficiency, or 
carcass characteristics were observed between control and lactate DFM; however, gain and 
growth efficiency differed (P≤0.05) between the lactate producing and lactate 
producing/utilizing DFM during the later portions of feeding.  Experiment 4 studied the impact 
of DFM on ruminal fermentation, lactate utilization, and total tract digestibility.  Ruminal pH and 
molar proportions of acetate were increased (P≤0.05) with DFM; however, lactate utilization 
and total tract digestibility did not differ (P≥0.33).  The studies suggest that DFM improve 
growth performance during receiving and responses are at least partly mediated through 
differences in ruminal fermentation.  
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CHAPTER 1: Introduction 
 Concern over the use of antibiotics in the animal feed industry has led to the exploration 
of methods to increase disease prevention in cattle production systems.  In addition to 
therapeutic uses, antibiotics have been included in beef cattle management systems as a 
preventative measure against disease in high risk cattle and also as a growth promotant.  
Receiving cattle are of specific interest due to the high rates of morbidity and mortality 
associated with this phase of production.  Receiving cattle are challenged by a number of 
stressors, including shipping and commingling with large numbers of new animals, which 
predisposes them to bacterial infections.  Of particular concern in receiving cattle is the 
development of bacterial infections that lead to bovine respiratory disease (BRD), which is of 
serious economic impact to producers.  In addition to the pressure to develop management 
strategies that reduce the use of antibiotics in cattle production systems, there remains a focus 
on increasing animal efficiency as the costs of feed and fuel rise.  This is of particular concern 
during the finishing phase due to the decreases in feed efficiency related to differences in body 
composition as animals shift from primarily depositing lean muscle to fat.  Moreover, there are 
concerns about the development of nutritional disorders, such as ruminal acidosis, related to 
consumption of diets high in readily fermentable carbohydrates.  Direct-fed microbials (DFM), 
defined by the FDA (1995) as a source of live microorganisms, have shown the potential to 
decrease morbidity while also increasing average daily gain and feed efficiency (Krehbiel et al., 
2003).  However, to date, there has been considerable variation in the magnitude of animal 
performance responses to DFM and the mechanism(s) of action through which these responses 
are mediated has not been definitively identified.  Obtaining further knowledge about the 
mechanism(s) mediating DFM responses could lead to refinement in the development of 
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commercial microbial products for ruminants and decrease the variability in animal 
performance responses. 
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CHAPTER 2: Literature Review 
A variety of terminology has been used to describe the supplementation of ruminants 
with microorganisms.  Oftentimes, the terms probiotic and direct-fed microbial are used 
interchangeably; however, this is not necessarily appropriate.  Probiotics are defined as live 
microbial feed supplements which beneficially affects the host animal through improvement of 
intestinal microbial balance (Parker, 1974).  Direct-fed microbials, however, are simply defined 
as a source of viable microorganisms, there are no implications regarding mode of action or 
benefit (FDA, 1995).  To date, the mechanism(s) of action mediating performance responses to 
microbial products in beef cattle have not been determined.  As such, the FDA requires 
microbial products for livestock to be labeled as direct-fed microbials instead of probiotics.  A 
variety of microorganisms have been used as DFM in ruminants, including fungal cultures such 
as Aspergillus oryze and Saccharomyces cerevisiae and lactic acid bacteria such as Lactobacillus 
and Streptococcus (Yoon and Stern, 1998).  Researchers have also looked at the effects of 
lactate utilizing bacteria such as Megasphaera elsdenii and mixed bacterial cultures (Seo et al., 
2010).   
Generally, positive performance responses are observed in DFM-fed cattle.  Krehbiel 
and coworkers (2003) reviewed 6 research trials (n = 1,249 cattle) and found that feeding 
combinations of lactic acid and propionic acid producing DFM products resulted in 
improvements in average daily gain, feed intake, and final body weights in feedlot cattle.  A 
population-level analysis of the performance responses to DFM in feedlots from January 1, 2003 
to May 31, 2004 was conducted by VetLife using the Benchmark Performance Program survey 
database (VetLife, 2004).  The analysis included 267 feedlots, with118 of the responding 
feedlots using DFM products.  Across all weight classes, DFM fed steers gained 1.9 % more 
rapidly and required 1.9 % less feed per unit of gain, while heifers gained 1.4 % more rapidly and 
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required 3.9 % less feed per unit of gain.  The VetLife study did not account for specific DFM 
products utilized; although, it does serve to give a general picture of the positive performance 
attributes of DFM.  When comparing performance responses amongst specific DFM strains, the 
variability in animal performance becomes evident.  In a 2 year study of feedlot steers(n=448), 
there were no differences detected for gain, intake or feed efficiency between feedlot cattle 
supplemented daily with 109 CFU per head Lactobacillus acidophilus strain NP51 and control 
animals (Peterson et al., 2007).  Steers fed Propionibacterium freudenreichii strain NP 24 along 
with increasing levels of Lactobacillus acidophilus strain NP51 (107, 108, or 109 CFU/(steer·d)) 
had no advantage over control steers in final BW, carcass-adjusted final BW, or total dry matter 
intake (DMI) (Vasconcelos et al., 2008).  A tendency for a quadric effect of Lactobacillus 
acidophilus NP 51 dose from d 0 to 56 (P=0.08) and d 0 to final weight (P = 0.10) was observed, 
in which steers fed at a rate of 107 and 109 CFU/d had greater ADG than those fed 108 CFU/d.  
Similarly, efficiency of gain based on live weight was greater for steers fed 107 and 109 CFU/d 
Lactobacillus acidophilus from d 0 to 56 and 0 to finish.  Other work indicates that performance 
response to DFM is dictated, at least in part, by phase of feeding.  Steers fed a high concentrate 
diet inoculated with a combination of Propionibacterium strain P-63 combined with 
Lactobacillus acidophilus strain LA53545 had improved ADG and feed efficiency over the first 10 
d on feed, compared with control and steers inoculated with Propionibacterium strain P-63 
alone (Swinney-Floyd et al., 1999).  Subsequently, the weight gain advantage diminished; 
however, feed efficiency remained improved through d 27 and was ultimately significant for the 
120 d trial.  Similarly, Elam et al. (2003) observed that DFM treated steers had an ADG 7.5 % 
higher than control steers during the first 28 d of the finishing period, while no differences were 
observed in overall ADG or carcass-adjusted ADG.  The weighted average on feed for all steers 
was 170 d.  In this study, the experimental treatments consisted of a control and three different 
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mixed bacterial cultures; 1) 109 CFU Lactobacillus acidophilus strain NP51 plus 106 CFU 
Lactobacillus acidophilus strain NP45 plus 109 CFU Propionibacterium freudenreichii strain NP24 
(LA45-51H), 2) 109 CFU Lactobacillus acidophilus strain NP51 plus 109 CFU Propionibacterium 
freudenreichii strain NP24 (LA51), 3) 106 CFU Lactobacillus acidophilus strain NP51 plus 106 CFU 
Lactobacillus acidophilus strain NP45 plus 109 CFU Propionibacterium freudenreichii strain NP24 
(LA45-51L).  Treatment means for G:F did not differ; although, amongst DFM treated animals 
there was a tendency (P=0.09) for cattle fed LA45-51H to be more efficient over the entire 
feeding period than animals fed either of the other DFM treatments.  In a second experiment, 
finishing steers were fed control or one of 2 DFM treatments; 1) 5 × 106 CFU Lactobacillus 
acidophilus strain NP51 plus 109 CFU Propionibacterium freudenreichii strain NP24 (LA45-51L) 2) 
109 CFU Lactobacillus acidophilus strain NP51 plus 5 × 106 CFU Lactobacillus acidophilus strain 
NP45 plus 109 CFU Propionibacterium freudenreichii strain NP24 (LA45-51H) (Elam et al., 2003).  
The steers were blocked into two blocks based on weight.  No differences were detected for 
DMI.  An interaction between weight block and DFM treatment was detected.  Within the 
heavier set of cattle, cattle fed LA45-51H had improved ADG over control and animals LA45-51L.  
There were no differences between treatments in the lighter weight block.  Additionally, the 
heavier weight block had increased ADG for both DFM treatments as well as the control 
treatment.  This is likely attributed to total number of days on feed, as the heavier cattle 
required less days on feed to reach final weight.  Elam and coworkers (2003) hypothesized that 
the initial advantages of DFM involve a favorable alteration of the gastrointestinal micro-flora 
and that over time that innate immunological mechanisms of control animals provide this same 
function.  Presumably, differences in performance amongst DFM-fed animals are a result of the 
variations in strain, dosage, diet, and phase of feeding.  While inconsistent, performance results 
indicate that DFM are having an effect under the correct set of circumstances.    
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Research into the effects of microbial products stems back to the early 1900s and has 
steadily increased following the widespread use of antibiotics in humans in livestock as a means 
to combat the effects of “antibiotic diarrhea” (Yoon and Stern, 1998).  Originally, the concept of 
DFM was primarily based on the potential for beneficial intestinal effects.  There is some 
indication that DFM exert an effect on the host tissues, specifically the intestinal mucosa, which 
has been observed in pigs and chickens (Baum et al., 2002; Samanya and Yamauchi, 2002).  The 
small intestine is the primary sight of nutrient absorption in both ruminants and monogastrics.  
In order to maximize absorption, the epithelial lining of the intestines are covered in villi, small 
finger-like projections that serve to increase the internal surface area.  Direct-fed microbial 
treatments in both pigs and chickens have been found to increase the length of villi, which in 
turn should increase the absorptive capacity of the animal.  Baum and coworkers (2002) found 
that inclusion of Saccharomyces boularddi in weanling pig diets resulted in longer villi in the 
proximal and mid jejunum.  This is of interest because the jejunum is thought to play a major 
role in the absorption of the end products of digestion, as evidenced by the greater villus 
lengths observed in this portion of the lower gut as compared to other segments (Fleige et al., 
2007).  Baum and coworkers (2002) found there was no difference in cell proliferation or crypt 
depth in the intestines, suggesting that the differences in villus length were mediated by 
interactions between the DFM treatment and the regulatory mechanisms involved in cell 
apoptosis, although the exact nature of such an interaction has been not determined.  Similarly, 
chickens fed Bacillus subtilis natto were found to have greater villus height in the duodenum 
and ileum, accompanied by greater cell proliferation in the jejunum (Samanya and Yamauchi, 
2002).  Similar cell proliferation responses to DFM have been observed in rats.  Increased crypt 
cell proliferation has been observed in rats as a result of Lactobacillus casei and Clostridium 
butyricum provision (Ichikawa et al., 1999).  In addition to serving as a site of nutrient 
6 
 
 
absorption, the intestinal epithelium is a protective barrier against luminal pathogens.  Increases 
in cell proliferation in the lower gut may lead to greater protection against pathogenic assault. 
The mucus layer in the intestines serves as a protective measure against bacteria by 
preventing adherence to and invasion of the epithelial cells (Smirnov et al., 2005).  Mucus is 
found throughout the entire gastrointestinal tract and consists of two layers; a thinner inner, 
sterile, mucus layer and a thicker outer mucus layer (McGuckin et al., 2011).  The extracellular 
mucus barrier primarily consists of secreted mucins, nonspecific antimicrobials and specific 
antimicrobial immunoglobulins, and is viewed as the first line of intestinal defense against 
pathogens (Hecht, 1999; McGuckin et al., 2011).  Mucins provide protection as they form a 
physical, chemical, and immunological barriers between the luminal environment and the 
animal (Hoorens et al., 2011).  Mucins are glycoproteins that coat the mucosal surface of the 
gastrointestinal tract, creating a gel-like layer (Hecht, 1999).  Mucins have a dense array of O-
linked oligosaccharides on the central glycosylated domain which serve as multiple potential 
ligands for microbial adhesions (McGuckin et al., 2011).  The vast array of potential binding sites 
for pathogens provided by mucins protect the gastrointestinal epithelium through both 
competitive binding of pathogens and enhancement of pathogen removal through peristaltic 
flow (Hecht, 1999).  The mucus layer is constantly being sloughed off with the flow of digesta 
and regenerated by goblet cells, allowing for the removal of mucin-bound pathogens (McGuckin 
et al., 2011).  As such, the use of DFM to stimulate mucin production has been explored as a 
means to increase resistance to disease.  Mucin mRNA and levels of mucin glycoprotein were 
increased in chickens fed a mixed bacterial culture consisting of Lactobacillus acidophilus, 
Lactobacillus casei, Bifidobacterium bifidum and Enterococcus faecium (Smirnov et al., 2005).  
Additionally, acidic mucins, or mature mucins, were measured in greater quantity in 
Saccharomyces boularddi treated weanling pigs (Baum et al., 2002).  Similarly, weanling pigs 
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treated with Lactobacillus brevis at a rate of 5 × 109 CFU /d exhibited a decrease in sulfuric 
goblet cells, which produce neutral mucins containing little sialic acid, which suggests an 
increase in maturation of goblet cells which would result in an increased production of acidic, or 
sialated, mucins (Davis et al., 2007).  Caballero-Franco and coworkers (2007) explored gene 
expression and mucin secretion in the colon of rats treated with a DFM consisting of Lactobacilli, 
Bifidobacteria, and Streptococci.  They found that expression of the MUC2 gene, the 
predominant secreted mucin in the small and large intestines, increased in vivo resulting in an 
increase of mucin secretion by 60 % in treated animals.  Increasing the protective barrier against 
pathogens in the lower gut through increased mucin production may lead to greater disease 
protection. 
Recently, the potential for DFM to reduce fecal shedding of E. coli O157:H7 has been 
explored as a preventive measure against contamination of the food supply.  Elam and 
coworkers (2003) investigated the effects of three different DFM treatments on hide 
contamination and fecal shedding of E. coli O157:H7.  The DFM treatments consisted of 1) 109 
CFU Lactobacillus acidophilus strain NP51 plus 106 CFU Lactobacillus acidophilus strain NP45 plus 
109 CFU P Propionibacterium freudenreichii strain NP24, 2) 109 CFU Lactobacillus acidophilus 
strain NP51 plus 109 CFU Propionibacterium freudenreichii strain NP24, 3) 106 CFU Lactobacillus 
acidophilus strain NP51 plus 106 CFU Lactobacillus acidophilus strain NP45 plus 109 CFU 
Propionibacterium freudenreichii strain NP24.  Fecal shedding was measured 7 d before 
slaughter and immediately prior to transport to the slaughter plant.  Hide contamination was 
measured immediately prior to transport.  Fecal shedding was reduced by the 109 CFU 
Lactobacillus acidophilus strain NP51 plus 109 CFU Propionibacterium freudenreichii strain NP24 
treatment at both time points, there were no differences between control and the other DFM 
treatments.  Hide contamination of DFM treatments was numerically lower than control lower 
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for all DFM treatments and significantly lower (P < 0.05) for the 109 CFU Lactobacillus 
acidophilus strain NP51 plus 106 CFU Lactobacillus acidophilus strain NP45 plus 109 CFU 
Propionibacterium freudenreichii strain NP24 treatment.  Similarly, treatment with Lactobacillus 
acidophilus strain NP51 alone has been found to reduce fecal shedding of E. coli O157:57 by up 
to 35 % in feedlot animals (Peterson et al., 2007).  Additionally, in the study by Elam and 
coworkers (2003) the lamina propia thickness was decreased by all DFM treatments, which 
could indicate that inflammation by pathogenic microorganisms was reduced.  A reduction in 
fecal shedding E. coli O157:H7 in DFM treated animals indicates that DFM have some capacity to 
affect the hind gut of ruminants.  Surface attachment to the intestinal wall is necessary for 
enterotoxin-producing strains of E. coli to induce diarrhea and it is believed to be necessary to 
support proliferation and reduce peristaltic removal of organisms (Yoon and Stern, 1998).  It has 
been postulated that DFM may prevent against E. coli O157:H7 infection through the 
stimulation of mucus production or through competitive binding of nutritive substrates (Reid 
and Burton, 2002).  Furthermore, it has been reported that both a mixed culture of Lactobacillus 
acidophilus and Lactobacillus plantarum and Lactobacillus acidophilus strain 27SC alone are 
capable of adhering to the intestinal epithelium in dairy calves (Abu-Tarboush et al., 1996).  
Adherence of DFM to the epithelium was determined by phase-contrast microscopy.   
Early work with DFM primarily focuses on the potential to affect the intestines, 
however, the viability of DFM reaching the small intestine in ruminants in unknown at this time.  
More recently there has been interest in the impact of DFM on ruminal fermentation, 
specifically the potential for prevention of ruminal acidosis.  Ruminal acidosis is a common 
digestive disorder in beef cattle consuming diets high in readily fermentable carbohydrates and 
has the potential to have serious economic impact.  The severity of acidosis is related to the 
amount, frequency, and duration of feeding a high-concentrate diet and varies in severity from 
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acute acidosis, due to an accumulation of lactic acid in the rumen, to subacute ruminal acidosis, 
which is the result of an accumulation of VFAs (Nagaraja and Titgemeyer, 2007).  Subacute 
ruminal acidosis is more commonly observed in feedlot cattle and can result in depressed feed 
intake, diarrhea, lethargy, and ultimately a decrease in performance (Aschenbach et al., 2011).  
Ruminal pH is the main diagnostic criterion for acidosis, as it is a crucial risk factor.  Subacute 
ruminal acidosis is typically defined as repeated bouts of low pH, less than anywhere from 5.8 to 
5.5, that recovers to normal levels, while acute acidosis involves a pH below 5.2 to 5.0 that 
remains depressed over long periods of time (Aschenbach et al., 2011).  It has been postulated 
that provision of a tonic level of lactic acid by DFM to stimulate lactic acid utilizers would result 
in an increased ruminal pH (Yang et al., 2004).  No differences in pH were detected in Holstein 
cows in mid-lactation treated with 1 × 109 CFU /d Lactobacillus acidophilus strain LA747 plus 2 × 
109 CFU /d Propionibacterium freudenreichii strain PF24 or 1 × 109 CFU /d Lactobacillus 
acidophilus strain LA747 plus 2 × 109 CFU /d Propionibacterium freudenreichii strain PF24 plus 5 
× 108 CFU /d Lactobacillus acidophilus strain LA45 (Raeth-Knight et al., 2007).  In this study, cows 
were fully adapted to a diet consisting of primarily, corn silage, alfalfa hay, corn, and soybean 
meal (47.9, 12.9, 10.2, and 9.91 % respectively).  The effect of Enterococcus faecium EF212, a 
lactate producing bacteria, on ruminal fermentation was explored by Beauchemin and 
coworkers (2003) in steers that were previously naïve to high-concentrate diets and fed a high-
concentrate, barely based diet.  Steers were treated with 6 × 109 CFU Enterococcus faecium per 
day and in order to minimize the carryover effects from period-to-period, the rumen contents of 
each steer was removed on the last day of Period 1 and placed into the rumen of the next steer 
within the square that was to receive that treatment.  No differences in mean, maximum, or 
proportion of the day spent below a pH of 5.8 or 5.5 were detected.  However, Enterococcus 
faecium reduced the minimum pH (P < 0.05) from 5.15 to 5.03.  While the reduction in minimum 
10 
 
 
pH due to experimental treatment was detected, a crossover design is not necessarily an 
appropriate methodology for assessing the effects of DFM on rumen pH due to the confounding 
effects of adaptation to a high-concentrate diet that occur over time.  Ghorbani et al. (2002) 
reported no differences in minimum, maximum, mean, or proportion of the day spent below a 
pH of 5.8 or 5.5 in steers that were previously adapted to a high-concentrate, barely based diet, 
treated with Propionibacterium P15 or Propionibacterium P15 plus Enterococcus faecium EF212.  
Unsurprisingly, in both studies, DFM mediated differences in total VFA concentration were not 
observed and lactate concentrations were below detectable levels (Beauchemin et al., 2003; 
Ghorbani et al., 2002).  The effects of various levels of a mixed culture of Enterococcus faecium, 
Lactobacillus plantarum, and Saccharomyces cervisiae (105, 106, and 107 CFU /d) was explored in 
early-lactation Holsteins (Nocek et al., 2002).  Nocek and coworkers (2002) found that cows 
treated with 105 CFU /d of a mixed bacterial culture had a higher mean daily pH (6.24) compared 
to treatment with 106 CFU /d (pH 5.99), 107 CFU /d (pH 6.02) and the average pH of all animals 
prior to initiation of DFM treatment (pH 6.12).  Additionally, mean daily lowest pH for the 105 
CFU /d treatment was higher than the other DFM treatments, and while not statistically 
significant it was numerically higher than the pre-treatment measure.  These results indicate 
that provision of lactate producing bacteria may in fact be stimulating the lactate acid utilizing 
bacterial population, however there appears to be a threshold to this response.  Holstein cows 
treated with 5 × 109 CFU Saccharomyces cerevisiae plus a combination of two Enterococcus 
faecium strains fed at a rate of 5 × 109 CFU /d exhibited higher pH values 5 and 1 d prepartum, 
as well as a less dramatic decline in rumen pH compared to the average of d 14 and 10 
prepartum measures (Nocek et al., 2003).  It appears that DFM have some capacity to mitigate 
the normal depression in pH associated with parturition, which is the result of a switch from a 
higher fiber dry-period diet to a lactation diet high in readily fermentable carbohydrates in the 2 
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to 3 weeks leading up to parturition (Goff and Horst, 1997).  Performance data indicate that 
DFM may be most beneficial during the dietary adaptation period (Elam et al., 2003; Swinney-
Floyd et al., 1999), however, ruminal pH has not been monitored in beef cattle during this 
transition period.  It is possible that DFM has a greater role in regulating pH during diet 
adaptation and that these effects are not evident in an animal fully adapted to a high 
concentrate diet.   
While concentrations of total ruminal VFAs are important in regards to susceptibility to 
subacute ruminal acidosis, the profile of VFAs in the rumen are also of interest because changes 
may indicate shifts in ruminal fermentation patterns.  While the ranking of the molar 
proportions of the major VFAs remain the same independent of diet, with acetate being the 
greatest followed by propionate and then butyrate in smaller proportions, the ratios of these 
VFAs are affected by diet.  Diets high in fiber are associated with larger acetate to propionate 
rations, while increases in highly fermentable substrates lead to increases propionate 
production at the expense of acetate production.  This is of particular interest because a 
reduction in the acetate to propionate ratio has been associated with greater energy retention 
due to decreases in methane production (Wolin, 1960).  Beauchemin and coworkers (2003) 
observed no differences in total VFA concentration between control and Enterococcus faecium 
treated steers, however a shift in molar proportion of VFAs was evident.  Propionate increased 
at the expensive of butyrate production, resulting in a decrease in the acetate to propionate 
ratio.  There were no differences in total VFA concentrations between treatments or control in 
steers treated with Propionibacterium P15 or Propionibacterium P15 plus Enterococcus faecium 
EF212, at a rate of 1 × 1010 CFU/d (Ghorbani et al., 2002).  Although, in contrast to the previously 
discussed study, propionate proportions remained unchanged; however, Propionibacterium plus 
Enterococcus faecium increased the molar proportion of acetate above that of control and 
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Enterococcus faecium animals at the expense of valerate production.  In contrast, Enterococcus 
faecium treated animals exhibited increases in butyrate production.  While it appears that DFM 
are biologically active in the rumen and result in shifts in ruminal fermentation, as evidenced by 
changes in VFA profiles, these responses are inconsistent and are likely dependent on the strain 
and dosage of DFM provided.   
Modification of digestibility of feeds has been explored as a potential explanation for 
the positive performance responses, specifically increases in feed efficiency, observed in feedlot 
cattle.  Ghorbani et al. (2002) incubated samples of concentrate, barley silage, alfalfa hay, and 
wheat straw in situ for 24 h in animals adapted to a high-concentrate, barely based, diet treated 
with Propionibacterium P15 or Propionibacterium P15 plus Enterococcus faecium EF212, at a 
rate of 1 × 1010 CFU /d, and found no effects on ruminal dry matter (DM) disappearance.  Steers 
treated with 6 × 109 CFU /d of Enterococcus faecium exhibited decreased in situ digestibility of 
corn, barley, and alfalfa hay (Beauchemin et al., 2003).  Enterococcus faecium decreased 12 and 
24-h ruminal DM disappearance of corn, the size of the degradable (B) fraction and tended to 
decrease the rate of digestion.  In situ digestion kinetics of barley revealed that Enterococcus 
faecium decreased the 48-h ruminal DM disappearance and the size of the degradable (B) 
fraction.  Finally, Enterococcus faecium decreased the 24-h DM disappearance of alfalfa hay.  In 
addition to in situ disappearance, Beauchemin et al. (2003) also explored the effect of DFM on 
total tract digestibility and found that Enterococcus faecium had no effect on DM digestibility, 
had a tendency to decrease organic matter (OM) digestibility (57.5. vs. 55.5 %), and had no 
effect on site or extent of starch digestion.  Holstein cows in mid-lactation, fed a diet consisting 
of approximately 60 % forage and 40 % concentrate, treated with 1 × 109 CFU /d Lactobacillus 
acidophilus strain LA747 plus 2 × 109 CFU /d Propionibacterium freudenreichii strain PF24 or 1 × 
109 CFU /d Lactobacillus acidophilus strain LA747 plus 2 × 109 CFU /d Propionibacterium 
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freudenreichii strain PF24 plus 5 × 108 CFU /d Lactobacillus acidophilus strain LA45 showed no 
differences from control animals in apparent DM, crude protein, neutral detergent fiber or 
starch digestibility (Raeth-Knight et al., 2007).  In contrast, a combination of yeast (5 × 109 CFU 
/d) plus 2 Enterococcus faecium strains (5 × 109 CFU /d) enhanced ruminal digestion of forage 
DM in dairy cows during the transition period (Nocek and Kautz, 2006).  Direct-fed microbials 
appear to have altered the extent of degradation, as there were no effects on ruminal digestion 
rate but the undegradable (C) fraction at 72 h was lower for both corn silage and haylage in DFM 
treated animals.  Increasing extent of degradation may allow for greater nutrient availability to 
rumen microbes; however, digestion in the rumen is a function of the competing processes of 
degradability and passage rate.  Increases in the potential extent of degradation may not result 
in increased nutrient availability if feed particles are not retained in the rumen for the amount 
of time necessary for full degradation of the B fraction.  A comparison three different levels of a 
mixed bacterial DFM revealed that improvements in digestibility are dependent on both dosage 
and type of feedstuff degraded (Nocek et al., 2002).  In situ degradability of high-moisture ear 
corn, haylage, and corn silage was determined in steers treated with a mixed bacterial culture of 
Enterococcus faecium, Lactobacillus plantarum, and Saccharomyces cerevisiae at 105, 106, or 107 
CFU /d.  There were no treatment differences in pool sizes (A, B, or C) for any of the feedstuffs.  
Cows fed 105 CFU /d had a higher rate of B fraction degradation for high moisture ear corn than 
the 106 CFU /d treatment, resulting in greater estimated ruminally available dry matter.  
Digestion rate tended to be higher for the lowest DFM treatment for haylage resulting in greater 
estimated ruminally available DM in cows treated with 105 CFU /d.  Digestion rate was higher for 
the cows fed the two lower concentrations of DFM for corn silage.  Cows treated with 106 CFU 
/d exhibited higher estimated ruminally available DM than those that received 107 CFU /d, the 
105 CFU /d treatment did not differ from the other concentrations.  Cows treated with 105 CFU 
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/d had a higher daily mean pH than those treated with higher concentrations of DFM.  Studies 
that found no differences in ruminal digestibility of feedstuffs in DFM treated animals also found 
no differences in ruminal pH (Beauchemin et al., 2003; Ghorbani et al., 2002; Raeth-Knight et al., 
2007).   
Direct-fed microbials have been shown to be biologically active in the rumen as 
evidenced by changes in pH, VFA profiles, and digestibility, although these responses are 
variable (Beauchemin et al., 2003; Ghorbani et al., 2002; Nocek and Kautz, 2006; Nocek et al., 
2002; Nocek et al., 2003).  To date, little emphasis has been placed on determination of changes 
in animal or microbial requirements as a result of DFM, specifically requirements for maximal 
ruminal fermentation and associated microbial growth.  Cattle rely on microbial fermentation in 
the rumen to convert substrates unavailable for digestion by mammalian enzymes, namely 
cellulose, hemicellulose, and pectin as well as for the production of microbial protein.  As a 
result, cattle’s protein requirements must be separated into degradable intake protein (DIP), the 
portion of crude protein available for microbial fermentation, and metabolizable protein (MP), 
the combination of microbial crude protein and protein that escapes degradation in the rumen.  
Metabolizable protein is available for enzymatic digestion in the small intestine.  Excess DIP 
supply results in a net loss of nitrogen (N) due to excess N excretion, while deficiency adversely 
affects microbial growth (Shain et al., 1998).  Provision of diets with either deficient or excess 
levels of DIP both have negative economic impacts, specifically depressed animal performance 
and increased input costs, for each scenario respectively.  The NRC (1996) considers DIP 
requirement to equal bacterial crude protein (BCP) synthesis and therefore suggests a DIP 
requirement of 13 % of total digestible nutrient (TDN) for diets containing greater than 40% 
forage, based on 13 g bacterial BCP synthesis per 100 g of TDN.  For diets with less than 40% 
forage, a 2.2% reduction in BCP synthesis for every 1% decrease in forage effective NDF less 
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than 20% NDF is suggested.  However, the NRC (1996) also recognizes that these models are 
generalities and do not fit all situations.  Makeup of microbial populations, rate of fermentation, 
rate of passage, and rumen pH have the potential to affect microbial maintenance requirements 
and therefore DIP requirements (NRC, 1996).  Direct-fed microbials may cause a change in 
microbial utilization of protein, which, because it has not been accounted for in previous DFM 
work, may explain part of the variability observed. 
While data is limited, there are some indications that DFM may reduce morbidity in 
newly received feedlot cattle (Krehbiel et al., 2003).  Up-regulation of cell-mediated immunity, 
increased antibody production and epithelial barrier integrity, reduction of epithelial cell 
apoptosis, enhanced dendritic cell-T cell interactions, heightened T cell association with lymph 
nodes, and greater Toll-like receptor signaling have all been proposed as mechanisms mediated 
by DFM (Lee et al., 2010a).  A study of scouring dairy calves treated with a Bacillus-based DFM 
provided in an electrolyte treatment showed that DFM promoted the development of αβ (CD4+ 
and CD8+ subsets) and ƴδ T lymphocytes (Novak et al., 2012).  T lymphocytes are involved in 
both initiating and regulating cell-mediated immune responses, through antigen presentation to 
B lymphocytes by CD4+ T cells, as well as cytotoxic functions by CD8+ cells.  ƴδ T lymphocytes 
are more closely associated with innate immunity and have both helper and cytotoxic functions.  
In an effort to determine if DFM mediated changes in humoral immunity, a comparison of two 
levels of DFM treatment (25 or 50 mg Bacillus subtilis/kg diet) on antibody production and 
persistency in response to sheep red blood cell antigen at different ages was explored in broilers 
(Khaksefidi and Ghoorchi, 2006).  Broilers receiving control or DFM supplementation were 
inoculated with sheep red blood cells at 7, 14, 21, or 28 days of age.  Sheep red blood cell 
antibody titers were measured 5 and 10 days post-immunization.  Supplementation of DFM at 
50 mg/kg diet resulted in increased antibody titer levels at both 5 and 10 days post-
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immunization in broilers immunized at 7 and 14 days of age.  Broilers immunized at 21 and 28 
days of age supplemented with 50 mg/kg DFM exhibited higher antibody titer levels only at 5 
days post-immunization.  No differences between control animals and animals supplemented 
with 25 mg/kg DFM were observed at any of the time points.  Similarly, Nellore cattle treated 
with a mixed culture DFM, consisting of Lactobacillus acidophilus, Saccharomyces cerevisiae, 
Bifidobacterium thermophilu, and Bifidobacterium longum combined with amylase, protease, 
cellulose, lipase, pectinase, and zinc, exhibited a significant increase over control animals in the 
titers of antirabies antibiodies following immunization with a single-dose rabies vaccine (Arenas 
et al., 2009).  Administration of a Lactobacillus treatment in humans infected with rotovirus 
resulted in an increase in the nonspecific humoral response as well as IgA specific antibody-
secreting cell response (Kaila et al., 1992).  An increase in antibody-specific secretory IgA 
antibodies offers non-inflammatory protection of the mucous membrane (Herich and Levkut, 
2002).  Extensive further research is needed to define the role DFM have in immunomodulation, 
specifically in groups of high-risk, disease-prone cattle; however, the small body of work 
available in cattle as well as the information published about other species indicate DFM have 
the potential to improve the immune response.   
Direct-fed microbials have shown the potential to improve areas of key interest in 
commercial cattle production, specifically, average daily gain, feed efficiency, and morbidity.  
Defining the mechanisms through which DFM mediate these improvements is necessary for 
refinement in the development of commercial microbial products for ruminants and decreasing 
the variability in animal performance responses previously observed.  Evidence suggests that 
DFM, depending on strain and dosage, is biologically active both in the rumen and post-
ruminally.  
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CHAPTER 3: Effect of direct-fed microbials on utilization of degradable intake protein in 
receiving steers 
Introduction 
Direct-fed microbials have been shown to improve animal performance, such as average 
daily gain and growth efficiency, when included in receiving cattle diets; however, the 
consistency and magnitude of these responses have varied considerably (Krehbiel et al., 2003).  
While the exact mechanism of action of DFM has not been definitively identified, previous work 
has shown that DFM have some capacity to alter ruminal fermentation (Beauchemin et al., 
2003; Ghorbani et al., 2002; Nocek et al., 2003). To date, little emphasis has been placed on 
determination of changes in animal requirements with the inclusion of DFM, specifically 
requirements for maximal ruminal fermentation and associated microbial growth.  Cattle rely on 
microbial fermentation in the rumen to convert substrates unavailable for digestion by 
mammalian enzymes, namely cellulose, hemicellulose, and pectin.  As a result, cattle’s protein 
requirements are separated into degradable intake protein (DIP), the portion of crude protein 
available for microbial fermentation, and metabolizable protein, the combination of protein that 
escapes degradation in the rumen and microbial crude protein flowing to the small intestine.  A 
number of variables, such as rate of fermentation, rate of passage, and rumen pH, have the 
potential to affect microbial requirements and therefore DIP requirements (NRC, 1996).  
Provision of adequate DIP is necessary for maximal microbial crude protein synthesis, VFA 
production, and ultimately for optimal growth performance.  Cattle newly arrived to the feedlot 
are likely to experience decreased rumen function due to the stressors involved with weaning, 
commingling, and feed and water deprivation during transportation (Loerch and Fluharty, 1999).  
As a result, it is especially important to provide adequate DIP in receiving diets in order to 
ensure cattle reach full intake as quickly as possible.  Direct-fed microbials have also shown 
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potential to decrease morbidity during the receiving phase of production, a time when cattle are 
especially susceptible to bovine respiratory disease.  A number of potential immune response 
mechanisms have been proposed, involving all three arms of the immune system (cell-mediated, 
humoral, and innate immunity); however, to date, no single mechanism has been identified (Lee 
et al., 2010a).  It is possible that animal growth performance responses to DFM are dependent 
on DIP supply and that DFM have the capacity to impact an animal’s ability to mount a humoral 
immune response. 
Materials and Methods 
 All procedures were approved by the University of Kentucky Institutional Animal Care 
and Use Committee. 
 One hundred and ninety-two crossbred beef steers (280 ± 25 kg) were used in a 
randomized complete block design experiment, with initial weight as the blocking factor.  
Animals were purchased from local sale yards and came from a variety of sources.  Cattle were 
weighed and processed on d 0.  Processing included ear tag placement for unique animal ID, 
administration of vaccines, and an injection of de-wormer (Dectomax, Pfizer, New York, NY).  
The vaccination protocol consisted of two viral vaccinations (Bovishield Gold 5, Pfizer, New York, 
NY and One Shot, Pfizer, New York, NY), a clostridial vaccination (Vision 7, Merck Animal Health, 
Summit, NJ), and a leptospirosis vaccination (L5 SQ, Merck Animal Health, Summit, NJ).  Cattle 
received booster shots of Vision 7 and Intervet L5 SQ on d 14 of the experimental period. 
 Within weight block, steers were randomly assigned to pen and treatment.  Steers were 
housed in 2.44 × 14.63 m pens, with 4 animals per pen, in a three-sided, concrete, floored barn.  
Pens were equipped with fence line bunks, consisting of 2.44 linear meters per pen (0.61 m 
bunk space per animal).  Free access to water was provided at all times.  Adjacent pens shared a 
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common water source, as such treatments were randomly assigned to “pen pairs” in order to 
minimize DFM exposure across treatment groups. 
 Treatments were arranged as a 5 × 2 factorial, with 5 levels of DIP (80, 90, 100, 110, 120 
% of DIP requirement) fed with and without DFM (Table 3.1).  Degradable intake protein 
requirement was assumed to be 11 % of TDN and diets were formulated to be isocaloric and 
meet metabolizable protein requirements for 1.22 kg/d ADG (NRC, 2001).  Differences in protein 
degradability were achieved by altering the ratio of soybean meal to treated soybean meal 
(Amino Plus®, Ag Processing Inc., Omaha, NE) and urea level.  Direct-fed microbial consisted of a 
mixed bacterial culture of lactate producing bacteria, fed at a rate of 1 billion CFU/hd/d. The 
DFM primarily consisted of Lactobacillus acidophilus and Enterococcus faecium, and also 
included Pediococcus acidilacticii, Lactobacillus brevis, and Lactobacillus plantarum (10g, Vit-E-
Men Co., Norforlk, NE). 
 Prior to initiation of the study, the in situ protein degradability of representative 
samples of feed ingredients was determined in order to aid in diet formulation using 
methodologies previously described (Vanzant et al., 1998).  In situ protein degradability of 
soybean meal, Amino Plus®, fescue hay, cotton seed hulls, high moisture corn, and cracked corn 
were evaluated using 4 ruminally cannulated Angus steers.  Steers were previously adapted to a 
70:30 concentrate to forage diet (Table 3.2) and had free access to water.  Animals were housed 
individually indoors in 3.0 × 3.7 m pens with 16 h light and 8 h dark cycles.  Feed ingredients 
were freeze dried and then ground to pass through a 2 mm screen on a Wiley mill.  Four grams 
of each feed ingredient was weighed into a Dacron bag (Ankom, Fairport, NY; 10 × 20 cm, 53 ± 
10 µm pore size) in triplicate.  Samples were incubated for 0, 12, or 96 h in the ventral rumen in 
a mesh laundry bag weighted with rubber stoppers.  Samples were inserted in the rumen in 
reverse order; with the 96 h sample being inserted first, allowing all samples to be removed 
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simultaneously and undergo the same rinsing procedure.  Prior to insertion in the rumen, 
samples were pre-incubated in 39˚C water to decrease the lag time associated with wetting 
within the rumen.  Upon removal from the rumen, the 12 and 96 h samples were rinsed with tap 
water to remove large particles from the exterior of the Dacron bag.  Next, samples underwent 
5 cycles in a top loading washing machine (Frigidaire, Electrolux Home Products Inc., Augusta, 
GA), each consisting of 1 min of agitation followed by 2 min of rinsing.  The 0 h sample 
underwent the same pre-incubation and rinsing procedures as the 12 and 96 h samples.  
Following rinsing, samples were dried in a forced air oven (Model 1690, VWR Scientific Products, 
Cornelius, OR) at 55˚C for 48 h and then allowed to re-equilibrate to atmospheric moisture.  
Crude protein of the feed ingredients at each time point post-in situ was determined using a gas 
N analyzer (Vario Max, Elementar Americas Inc., Mt. Laurel, NJ).  In order to correct for potential 
microbial N contamination of samples the microbial pool was marked using N15 using previously 
described methods (Broderick and Merchen, 1992).  A 0.9 % solution containing (15NH4)2SO4 
with 10 % enrichment was infused continuously during the 96 h in situ incubation using an 
infusion pump (MVP1, Medical Technology Products Inc., Ronkokoma, NY).  A 5 kg sample of 
each animal’s rumen contents was collected at the same time the in situ samples were removed 
from the rumen, combined with a 0.9% saline solution, and frozen at -20˚C for later analysis.  
Contents were thawed, blended, strained through 4 layers of cheesecloth and bacteria were 
isolated via differential centrifugation (Hannah et al., 1991).  Removal of protozoa and feed 
particles was accomplished through centrifugation of contents at 150 × g for 10 min.  The 
resulting supernatant was then centrifuged at 25,000 × g for 25 min to isolate the bacteria.  The 
isolated bacteria were washed with isotonic saline solution and then underwent two sequential 
cycles of centrifugation at 25,000 × g followed by an isotonic saline wash.  The isolated microbial 
contents were freeze dried and then ground with a mortar and pestle.  In situ residues were 
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ground to pass through a number 20 mesh screen.  Residues and isolated bacteria samples were 
analyzed for 15N enrichment using isotope ratio mass spectrophotometry of combusted samples 
at the University of Arkansas Stable Isotope Laboratory (Fayetteville, AR) to correct for microbial 
contamination of incubated residues.  Results were intended for use in the calculation of protein 
degradability of experimental diets (Table 3.3); however, values from the Dairy NRC (2001) were 
ultimately used for diet formulation purposes. 
 Diets were prepared daily and adjusted weekly for changes in ingredient dry matter 
content.  Ingredient dry matters were determined by drying feedstuffs for 24 h in a forced air 
oven (100˚C, Model 1690, VWR Scientific Products, Corneilius, OR).  Individual ingredient 
samples were collected weekly, composited by 28 d period, and stored at -20˚C.  The DFM 
treatment was prepared weekly by mixing 320 g of DFM with 99.68 kg of finely ground corn 
carrier and then stored at -20˚C.  Daily, 500 g/pen (125 g/steer) of the DFM treatment was 
applied as a top-dress over the experimental diet in order to supply 1 billion CFU DFM per head.  
Control animals received the corn carrier as a top-dress.  Cattle were fed once daily, with the 
amount of feed offered adjusted daily to provide ad-libitum intake with minimal amounts of 
feed refusals.  In order to determine intake, feed refusals were collected and weighed weekly.  
Pens were scraped clean and bedded with sawdust routinely.   
Individual body weights were recorded weekly over the 56 d trial.  Initial and final body 
weights were calculated as the average of weights recorded on two consecutive days (d 0 and 1, 
d 56 and 57).  Accuracy of scales was tested with weights immediately prior to each weigh day.  
Fecal pH was determined by rectal grab sample on d 7 and 14.  Two animals per pen were 
randomly selected for collection on d 7 and the same animals were collected again on d 14.  
Approximately 5 g of the fecal sample was combined with de-ionized water at a ratio of 1:10 
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feces to water and vortexed.  Fecal pH was immediately determined using a portable pH meter 
(Acorn pH 6 Meter, Oakton Instruments, Vernon Hills, IL).   
Blood samples were collected 2, 3, 4, and 6 weeks (d 28, 35, 42, and 56) post 
leptospirosis re-immunization for measurement of antibody titers to Leptospira serovar hardjo.  
Samples were obtained via jugular venipuncture in red-topped vacutainer tubes (Becton, 
Dickson and Co., Franklin Lakes, NJ) clots were retracted, and samples were centrifuged at 1,300 
× g for 10 minutes at 15˚C.  Serum was frozen later analysis.  Leptospira antibodies were 
measured using the Microscopic Agglutination Test at the University of Kentucky Diagnostic 
Laboratory (Steinman, 2007).   
Animals were visually examined daily and treated for sickness if required.  In order for 
an animal to qualify for treatment the animal must have appeared visually sick (e.g. lethargic, 
coughing, runny nose), or have exhibited body weight loss relative to either initial body weight 
or interim body weight, and also had a rectal temperature greater than 39.7 ˚C.  The medication 
protocol and order of medication administration consisted of 1) a single subcutaneous injection 
of Draxxin (Tulathromycin, Pfizer, New York, NY) 2) a single subcutaneous injection of Nuflor 
(Florfenicol, Merck Animal Health, Summit, NJ), and 3) a single subcuteanous injection of Baytril 
(Enrofloxacin, Bayer Animal Health, Shawness Mission, KS).  Banamine (Flunixin megalumine, 
Merck Animal Health, Summit, NJ) was administered to cattle displaying lameness accompanied 
by obvious signs of discomfort or in addition to the above prescribed treatment protocol when 
rectal temperatures of greater than 40.5 ˚F were observed.  In order to receive a second or third 
treatment animals were required to be non-responsive the previous treatment greater than 
label specifications for the previously administered medication (Draxxin 7d, Nuflor 3 d).  Animals 
were not treated more than 3 times.  Those animals which did not respond to above medication 
23 
 
 
protocol were defined as chronic and removed from the study.  One steer was identified to a 
chronic non-responder and removed from the study.  
 Calculations.  Performance measures were calculated for 3 different periods; 1) 0 -28 d, 
2) 29 - 56 d, and 3) 0 -56 d.  Dry matter intake was determined for each pen by subtracting the 
accumulation of feed refusals for the period from the total amount of feed offered over the 
same time period.  Average daily gain per animal was calculated as the total body weight gain 
per period divided by number of days per period, an average of the individual animal weights 
was used to determine pen ADG.  Gain efficiency was calculated as g body weight gain per 
period divided by kg feed intake over the same time period.   
 Protein degradability was calculated through in situ determination of the A, B, and C 
protein fractions.  The difference in protein between the feed ingredient and 0 h in situ residue 
represents the A fraction, or the fraction which is readily available for degradation in the rumen.  
Undegradable protein, the C fraction, is represented by the protein remaining in the in situ 
residue following the 96 h incubation.  The B fraction, protein which is potentially degradable in 
the rumen, is calculated by subtracting the A and C fractions from the total crude protein in the 
feed ingredient.  Microbial contamination of incubated feed ingredients was corrected for using 
the ratio of 15N enrichment of the in situ residue to the 15N enrichment of the isolated rumen 
bacteria.  Rate of degradation of the B fraction was determined using a first order decay curve of 
the B fraction.  Protein degradability for each ingredient was calculated as D = A + B × kd (kd + kp) 
where kp was estimated at 3.5 %/h.   
 Statistical Analysis.  Fecal pH and Leptospirosis titers were analyzed as repeated measures 
using the MIXED procedure (SAS Inst. Inc., Cary, NC), with DIP, DFM, time, and their interactions 
in the model and block as a random effect.  Analysis of average daily gain, dry matter feed 
intake, and growth efficiency was performed using the GLM procedure (SAS Inst. Inc., Cary, NC) 
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using a randomized complete block design with weight as the blocking factor and pen as the 
experimental unit.  The treatment sums of squares were partitioned into DFM, DIP and the DFM 
× DIP interaction. When the interaction was not significant (P < 0.10), orthogonal polynomial 
contrasts were used to separate means for the DIP main effect.  When the interaction was 
significant, orthogonal polynomial contrasts were constructed to separate DIP means within 
each level of DFM.  Morbidity was analyzed using the CATMOD procedure (SAS Inst. Inc., Cary, 
NC), with DIP and DFM and their interaction in the model.  Block was not found to be significant 
for the morbidity dataset and therefore dropped from the model.  Morbidity variables included 
steers treated once, twice, and steers treated during the first 14 d of the study; however, 
analysis for steers treated twice was not conducted because of the low incidence of second 
treatments (2 steers).   
Results 
Performance Measures.  Dry matter intake was not affected (P ≥ 0.11) by DIP supply or 
DFM treatment (Table 3.4).  During the first 28 d of the trial, a cubic interaction (P = 0.05) 
between DIP supply and DFM was observed for ADG. In the absence of DFM, ADG was similar 
across all DIP levels, whereas in the presence of DFM ADG increased with increasing level of DIP 
in a cubic fashion (P = 0.03).  No differences (P ≥ 0.25) in ADG were observed from d 29 to 56; 
however, the interactions observed over 0 to 28 d resulted in a tendency (P = 0.08) for an 
interaction over the 56 d feeding trial (Figure 3.1).  A DIP by DFM interaction (P = 0.05) was 
observed for growth efficiency (g gain/kg feed) during the first 28 d of the trial.  No differences 
(P ≥ 0.13) in growth efficiency were observed in control animals; however, DFM provision 
resulted in a linear increase (P = 0.002) in growth efficiency with increasing levels of DIP.  No 
differences (P ≥ 0.21) in growth efficiency were observed from d 29 to 56 or for the overall 56 d.   
25 
 
 
Morbidity.  Percentage of animals treated for sickness did not differ (P ≥ 0.57) with DFM 
or DIP supply (Table 3.5).  Within control animals, 25, 31.25, 10, 25 and 20 % of animals were 
treated for sickness one time within the 80, 90, 100, 110, and 120 % of DIP treatments, 
respectively.  Within DFM animals, 20, 12.5, 15, 15, and 30 % of animals were treated for 
sickness one time within the 80, 90, 100, 110, and 120 % of DIP treatments, respectively.  
Similarly, percentage of animals treated for sickness within the first 14 d of the study did not 
differ (P ≥ 0.49) with DFM or DIP supply.  Within control animals, 25, 31.25, 10, 25, and 20 % of 
animals were treated for sickness during the first 14 d within the 80, 90, 100, 110, and 120 % of 
DIP requirements treatments, respectively.  Within DFM, 20, 12.5, 15, 15, and 25 % of animals 
were treated for sickness during the first 14 d of the study with the 80, 90, 100, 110, and 120 % 
of DIP requirements treatments, respectively. 
 Leptospirosis Titer.  The log of leptospirosis titers did not differ (P = 0.50) with DIP 
supply, measuring 6.51, 6.16, 6.23, 6.28, and 6.29 for DIP supplies of 80, 90, 100, 110, and 120 % 
of requirement.  Direct-fed microbial did not affect (P = 0.11) leptospirosis titers (6.39 vs. 6.20 
for control and DFM, respectively).  However, titer levels were affected (P ≤ 0.0001) by week 
sampled post-re-immunization; the peak response was observed 2 weeks post-re-immunization 
and declined thereafter (Figure 3.2). 
Fecal pH.  No differences (P = 0.53) in fecal pH were observed between levels of DIP 
supply (6.67, 6.63, 6.60, 6.73, and 6.66 for 80, 90, 100, 110, and 120 % of DIP requirement, 
respectively).  A DFM by time interaction (P = 0.05) was observed for fecal pH (Table 3.6).  In the 
absence of DFM pH decreased from 6.71 to 6.62 between d 7 and 14.  Conversely, in the 
presence of DFM, there was no change in pH over time (6.62 vs. 6.66 for d 7 and 14, 
respectively).  A DIP by time interaction was not observed (P = 0.23).   
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Discussion  
In order to formulate diets for optimal growth performance, the protein requirements 
of both the animal and the rumen microbial population must be considered.  Bacterial growth is 
dependent on provision of fermentable carbohydrates and a supply of ammonia and other 
nutrients (Bryant and Robinson, 1962).  Improvements in ADG and efficiency have been 
observed in finishing cattle supplied with urea, a source of ruminally degradable protein, above 
that of cattle fed diets formulated to simply meet metabolizable protein requirements (Milton 
et al., 1997; Shain et al., 1998).  The NRC (1996) considers DIP requirement to equal bacterial 
crude protein (BCP) synthesis and therefore suggests a DIP requirement of 13 % of total 
digestible nutrient (TDN) for diets containing greater than 40 % forage, based on 13 g BCP 
synthesis per 100 g of TDN.  For diets with less than 40 % forage, a 2.2 % reduction in BCP 
synthesis for every 1 % decrease in forage effective NDF less than 20 % NDF is suggested.  
However, rate of fermentation, rate of passage, and rumen pH have the potential to affect 
microbial maintenance requirements and therefore DIP requirements (NRC, 1996).   
Predicting performance responses to supplemental DIP using the NRC (1996) Level 1 
model have been variable, particularly for high concentrate diets and diets consisting of low-
quality forages (Mathis et al., 2000).  Consequently, researchers have explored DIP requirements 
in relation to digestible organic matter (OM), using observed maximal digestible OM intake as an 
indicator that DIP requirements are met.  Total digestible nutrients and digestible OM are very 
highly correlated (0.997) (Heaney and Pigden, 1963).  Increases in fermentative efficiency were 
not observed in cattle fed prairie hay when DIP supply was greater than 11% of digestible OM 
(Köster et al., 1996).  Digestible OM intake was maximized in cattle fed prairie hay when DIP 
supply, as a percentage of digestible OM, was 11.6.  Other work has found maximal digestibal 
OM intake to be 8.2, 9.8, and 12.8% for bermudagrass, bromegrass, and forage sorghum, 
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respectively (Mathis et al., 2000).  The NRC (1996) predicts DIP requirements to be 100 % of 
microbial N flow (MNF) to the small intestine.  Decreases in MNF have been observed in cattle 
fed an 80% concentrate diet when DIP dropped from 80 to 70% of the MNF (Zinn and Owens, 
1983); however, in sheep fed a 55% concentrate diet, MNF was not enhanced when DIP as a 
percentage of digestible OM intake exceeded 11% (Rihani et al., 1993).  In this study, DIP 
requirements were calculated as 11% of TDN based on the previously cited research suggesting 
that supply DIP at 11% of DOM as well as a receiving study from this lab with cattle fed similar 
diets that suggests a DIP supply of 13% exceeded requirements (data not published).   
The amount of NH3-N required for maximum digestion has been shown to be dependent 
on the fermentability of the diet (Erdman et al., 1986).  Protein degradability is a function of the 
ability of the microbial population of the rumen to degrade protein.  As such, shifts in the 
microbial population, both fibrolytic and proteolytic activities, may influence the DIP supply 
from the diet.  Direct-fed microbials have been shown to modulate ruminal fermentation 
(Beauchemin et al., 2003; Ghorbani et al., 2002; Nocek and Kautz, 2006) and therefore may 
result in a shift in requirements for DIP.   
A DIP by DFM interaction for ADG was detected in the first 28 d of the trial which 
resulted in a tendency for an interaction over the 56 d feeding period.  In the absence of DFM, 
there was no difference in ADG; however, in the presence of DFM, ADG increased in a cubic 
fashion.  The cubic response appears to be driven by a depression in average daily gain for the 
110 % of DIP requirement treatment, which is likely explained by a depression in dry matter 
intake for this treatment, as compared to 100 and 120 % of DIP.  The reason for this reduction in 
intake is unknown, although it was observed in both control and DFM.  A DIP by DFM interaction 
for the first 28 d and tendency for an interaction for the 56 d study for ADG is still observed 
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when analyzing the data without the 110 % DIP treatment; however, the nature of this 
interaction differs.  No differences in control were observed, but increasing DIP provision results 
in a linear increase in ADG in DFM fed animals (Figure 3.3).  Baah et al. (2009) has shown 
improvements in ADG during the first 28 d of the receiving phase, but no differences thereafter 
when feeding a combination of Lactobacillus casei and Lactobacillus lactis.  Other work also has 
shown gain improvements with DFM during the early portions of feeding DFM (Elam et al., 
2003; Swinney-Floyd et al., 1999).  Growth efficiency increased linearly in the presence of DFM, 
but only during the first 28 d of the trial.  Swinney-Floyd et al. (1999) also observed increases in 
efficiency during the first 27 d of DFM treatment feeding Propionibacterium plus Lactobacillus 
acidophilus and Baah et al. (2009) showed increased efficiency with a mixed bacterial culture of 
Lactobacillus cersei plus Lactobacillus lactis through d 28.  The majority of performance 
responses to DFM occurred during the first 28 d of the study, and DFM have been fairly 
consistent in only providing an advantage in growth performance during the earlier phases of 
receiving trials in previous work (Crawford et al., 1980; Hutchenson et al., 1980).   
Direct-fed microbials have been observed to impact the small intestine in pigs and 
chickens.  Increased villus length, which increases the absorptive area of the small intestine and 
thereby allows for greater nutrient absorption, has been observed with DFM (Baum et al., 2002; 
Samanya and Yamauchi, 2002).  Additionally, DFM has resulted in increases in the production 
and maturation of acidic mucins, which are involved in the prevention of pathogen adherence to 
and invasion of the intestinal epithelium (Baum et al., 2002; Caballero-Franco et al., 2007; Davis 
et al., 2007; Samanya and Yamauchi, 2002).  In cattle, reductions in E. coli O157:H7 shedding 
and small intestinal attachment have been reduced with DFM treatment (Elam et al., 2003; 
Peterson et al., 2007).  Although post-ruminal effects of DFM cannot be eliminated in this study, 
they do not explain growth performance responses to DIP.  Within the DFM treatment, 
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maximum performance responses were not realized until provision of 120 % of the animal’s DIP 
requirement.  Increasing DIP supply generally increases the flow of microbial crude protein to 
the small intestine, therefore diets were formulated to meet but not exceed metabolizable 
protein requirements in order to separate performance responses to DIP supply from responses 
to differing metabolizable protein supply to the small intestine.  Additionally, intake and health 
status did not differ with treatment.  These results indicate that in order to maximize 
performance responses to DFM, supply of DIP must be increased.    
Previous work has not considered the potential that performance response to DFM may 
be dependent on supply of DIP and that DFM inclusion may result in a shift in microbial 
requirements.  For example, the effects of mixed cultures Lactobacillus acidophilus and 
Propionibacterium freudenreichii in were explored by both Vasconcelos et al. (2008) and Elam et 
al. (2003) with conflicting results.  Vasconcelos et al. (2008) observed no differences with DFM 
supply when feeding a corn-based finishing diet which supplied 75.1 g DIP/kg feed.  Elam et al. 
(2003) observed some improvement in ADG during the first 28 d of DFM treatment feeding a 
similar corn-based finishing diet that supplied 80.6 g DIP/kg feed; however, these improvements 
were not maintained over the duration of the study.  Degradable intake protein supply for both 
of these studies was estimated based on NRC (1996) DIP values for individual diet components.  
In the present study, DIP for diets supplying 80, 90, 100, 110, and 120 % of requirement were 
63.4, 71.8, 80.24, 88.4, and 95.4 g DIP/kg feed, respectively.  It is possible that Elam et al. (2003) 
observed some growth performance response to DFM due to greater DIP supplies than 
Vasconcelos et al. (2008); however, in both studies DIP is below the levels needed to maximize 
growth performance responses to DFM indicated by the present study.  
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Degradable intake protein did not affect fecal pH; however, an interaction of DFM by 
time was observed.  At d 7, fecal pH was lower for DFM, although by d 14 the fecal pH of control 
animals had decreased and there was no difference between treatments.  Decreased fecal pH is 
an indicator of greater post-ruminal carbohydrate digestion due to increased production of 
organic acids (Zinn et al., 2002).  It is possible DFM decreased ruminal fermentation, resulting in 
the escape of greater amount of carbohydrates to the intestine and a shift in site of 
fermentation to the large intestine.  This scenario would be expected to decrease growth 
efficiency which is contradictory to the performance data.  Alternatively, hindgut fermentation 
of starch may have been increased with DFM without impacting ruminal fermentation of 
carbohydrate, resulting in greater total fermentation.  It is also possible that differences in fecal 
pH at d 7 are due to shifts in the microbial population of the intestines with DFM.  Increased 
fecal counts of lactobacilli have been observed with provision of Lactobacillus acidophilus plus 
Lactobacillus plantarum in dairy calves (Abu-Tarboush et al., 1996).  Adhesion of various strains 
of Lactobacillus to epithelial tissue has been demonstrated in both piglets and calves (Abu-
Tarboush et al., 1996; Muralidhara et al., 1977).  Increased colonization of Lactobacillus in the 
hind gut could result in greater production of lactic acid, the primary fermentative end product 
of Lactobacillus, and result in decreased fecal pH.  
Morbidity in the feedlot decreases profitability through the initial cost of treatment as 
well as depressed performance during illness and afterwards (Smith, 1998).  Morbidity has been 
shown to decrease ADG, hot carcass weight, quality grade, and yield grade in finishing cattle 
(Reinhardt et al., 2012).  In 1999 the USDA’s National Animal Health Monitoring System 
conducted a study of feedlots with a 1,000 head or greater capacity, representing 84.9 % of U.S. 
feedlots and 96.1 % of the U.S. feedlot cattle inventory on January 1, 2000 in feedlots of that 
size (USDA, 2000).  They found that 14.4 % of placements displayed signs of bovine respiratory 
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disease, which was 4.6 times greater than the incidence of digestive disorders, the next most 
prevalent sickness.  In a study of morbidity from respiratory disease from 102 reporting feedlots, 
with a total of 20,136 heifer and steers, a 5.9 % incidence of morbidity was reported; however, 
cumulative pen incidence ranged from 0 to 80 % (Sanderson et al., 2008).  There is limited data 
available on the impact of DFM on feedlot morbidity; however, there have been some 
indications that morbidity rates are decreased with DFM (Krehbiel et al., 2003).  Steers treated 
orally with a combination Enterococcus faecium, Lactobacillus acidophilus, Bifidobacterium 
longum, and Bifidobacterium thermophilum at processing and again at initial treatment for 
bovine respiratory disease had a reduced incidence of retreatment for bovine respiratory 
disease (Krehbiel et al., 2001).  Similarly, Crawford et al. (1980) observed at 27 % reduction in 
morbidity with provision of Lactobacillus acidophilus in newly received feedlot cattle.  In 
contrast, in this study morbidity rates did not differ with DFM or DIP.  Morbidity rates during the 
first 14 d of the study were not impacted by DFM treatment or DIP supply.  The vast majority of 
steers were treated for sickness during the first 14 d; only one steer presented initial signs of 
sickness after d 14.  This is consistent with previous work which has found that the risk of 
respiratory disease related morbidity was greatest during the first 21 d following arrival to the 
feedlot (Sanderson et al., 2008).    
Steers were vaccinated against Leptospriosis, a reproductive disease of cows which they 
should not have been exposed to, in order to measure humoral immune response to an antigen 
to which they were previously naive.  Serum IgG was chosen as an indicator for humoral 
immunity because it allows for a measure of response to a specific antigen.  Serum IgG titers for 
Leptospriosis serovar hardjo did not differ as a result of varying DIP supply or DFM provision.  In 
contrast, antigen specific antibody responses to DFM have been observed in chickens 
(Khaksefidi and Ghoorchi, 2006; Lee et al., 2010b).  Similarly, Nellore cattle treated with a mixed 
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culture DFM, consisting of Lactobacillus acidophilus, Saccharomyces cerevisiae, Bifidobacterium 
thermophilu, and Bifidobacterium longum combined with amylase, protease, cellulose, lipase, 
pectinase, and zinc, exhibited a significant increase over control animals in the titers of 
antirabies antibiodies following immunization with a single-dose rabies vaccine (Arenas et al., 
2009).  In contrast, Elam et al. (2003) observed no differences humoral immune response in 
cattle treated with a combination of Lactobacillus acidophilus and Propionibacterium 
freudenreichii through measurement of serum IgA, an indicator of generalized immune 
response.  Although differences in humoral immune response were not observed in this study, 
this does not rule out the possibility that DFM impacts cell mediated or innate immunity.  Direct-
fed microbials have been shown to impact innate and cell-mediated immune responses in 
chickens (Chichlowski et al., 2007; Lee et al., 2010a).  A secondary interest in this study was to 
characterize serum antibody titers over time following re-immunization.  Maximum 
Leptospirosis titers were observed 2 wks following re-immunization and declined over time 
thereafter; indicating that 2 wks post re-immunization would be the most appropriate time for a 
single measure of the humoral immune response using this model. 
Summary 
 Direct-fed microbial inclusion in receiving diets improved gain and growth efficiency 
during the early portions of the receiving phase when DIP supply was greater than the animal’s 
requirement.  Although the possibility that improvement in gain and efficiency were the result 
of DFM mediated changes in the lower gut cannot be ruled out, they do not explain the 
interactions observed between DFM and DIP supply.  Gain and efficiency of gain were not 
maximized until DIP was supplied at 120 % of NRC (1996) requirement, suggesting that DFM 
provision altered ruminal fermentation.  This is in agreement with other work that has shown 
changes in rumen pH and VFA profiles with DFM (Beauchemin et al., 2003; Ghorbani et al., 2002; 
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Nocek and Kautz, 2006); however, the nature of the mechanism mediating these changes is 
currently unknown.  Morbidity and humoral immune response were not affected by DFM; 
although this does not rule out the possibility that DFM affects innate or cell-mediated 
immunity.  
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Table 3.1. Dry matter composition of receiving diets 
 DIP, % of Requirement 
Item 80 90 100 110 120 
Fescue Hay 20.0 20.0 20.0 20.0 20.0 
Cotton Seed Hulls 20.0 20.0 20.0 20.0 20.0 
High Moisture Corn 22.2 22.2 22.2 21.9 21.6 
Cracked Corn 22.2 22.2 22.2 21.9 21.6 
Amino Plus 12.7 9.3 5.8 4.9 4.5 
Soybean Meal 0 3.4 6.9 8.1 9.1 
Urea 0 0 0 0.15 0.31 
Limestone 1.3 1.3 1.3 1.3 1.3 
Potassium Chloride 0.5 0.5 0.5 0.5 0.5 
Trace Mineral Premix1 0.75 0.75 0.75 0.75 0.75 
Vitamin Premix2 0.05 0.05 0.05 0.05 0.05 
Choice White Grease 0.38 0.38 0.38 0.38 0.38 
1Trace Mineral Premix – Salt, not less than 92% not greater than 96%, Zinc 0.55%, Iron 0.93%, 
Manganese 0.48%, Copper 0.18%, Iodine 0.01%, Selenium 0.01%, Cobalt 0.01% (2653L, 
Burkmann Feeds, Danville, Ky) 
2Vitamin Premix – Vitamin A 1,818,182 IU/kg, Vitamin D 363,000 IU/kg, Vitamin E 227 IU/kg 
Table 3.2. Dry matter composition of in situ diet 
Ingredient  % Inclusion, DM  
Ground Corn  56.51 
Fescue Hay 18.18 
Soybean Meal  11.91 
Cotton Seed Hulls 11.18 
Limestone 1.16 
Trace Mineral Premix1 0.67 
Vitamin Premix2 0.04 
1Trace Mineral Premix – Salt, not less than 92% not greater than 96%, Zinc 0.55%, Iron 0.93%, 
Manganese 0.48%, Copper 0.18%, Iodine 0.01%, Selenium 0.01%, Cobalt 0.01% (2653L, 
Burkmann Feeds, Danville, KY) 
2Vitamin Premix – Vitamin A 1,818,182 IU/kg, Vitamin D 363,000 IU/kg, Vitamin E 227 IU/kg 
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Table 3.3. In situ nitrogen degradation characteristics 
 Feed Fraction, %  
Item Aa Bb Cc kdd 
Amino Plus 3.2 89.5 7.3 4.3 
Cracked Corn 14.3 74.6 11.1 13.5 
Fescue Hay 22.4 39.0 38.7 6.2 
High Moisture Corn 85.7 9.8 4.5 10.0 
Soybean Meal 15.1 78.4 6.5 14.7 
aA = rapidly degradable fraction 
bB = slowly degradable fraction 
cC = undegradable fraction 
dkd = degradadation rate of B fraction, %/hr 
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Table 3.4. Effect of direct-fed microbials and degradable intake protein on animal growth performance  
Degradable Intake Protein, % of Requirement 
 Control DFM P Value 
 80 90 100 110 120 80 90 100 110 120 SEM1 DFM DIP  DFM 
× DIP Item 
Initial BW, kg 278 279 280 277 279 281 278 280 278 277 1.12 0.48 0.06 0.30 
               
DMI, kg/d               
 0 – 28 d 8.39 7.43 8.24 7.69 8.11 7.89 8.37 8.66 7.62 8.49 0.349 0.25 0.11 0.24 
 29 – 56 d 9.45 9.16 9.71 9.46 9.34 9.21 9.84 9.82 9.46 10.22 0.308 0.11 0.41 0.23 
 0 -56 d 8.92 8.29 8.98 8.57 8.72 8.55 9.10 9.24 8.54 9.36 0.298 0.13 0.21 0.20 
               
ADG, kg               
 0 – 28 d 1.45 1.30 1.56 1.42 1.38 1.27 1.53 1.58 1.42 1.79 0.110 0.14 0.11 0.052 
 29 – 56 d 1.47 1.51 1.51 1.57 1.45 1.52 1.56 1.56 1.52 1.63 0.086 0.25 0.96 0.65 
 0 -56 d  1.46 1.41 1.54 1.50 1.41 1.40 1.54 1.57 1.47 1.71 0.076 0.09 0.26 0.083 
               
Growth Efficiency, g/kg             
 0 – 28 d 174 174 193 187 171 162 184 183 189 211 10.4 0.32 0.11 0.054 
 29 – 56 d 156 167 157 167 155 166 158 160 163 161 8.1 0.81 0.88 0.72 
 0 -56 d  164 171 173 176 163 164 170 171 174 184 6.5 0.41 0.42 0.21 
1n=5 pens/trt, except for 90% of DIP requirement n=4 pens/trt SEM calculated using n=4 
2Contrasts – Cubic DFM × DIP P = 0.02; No Significance in Control P ≥ 0.29; Cubic in DFM P = 0.03 
3Contrasts – Cubic DFM × DIP P = 0.03; No Significance in Control P ≥ 0.30; Cubic in DFM P = 0.05 
4Contrasts – Linear DFM × DIP P=0.03; No Significance in Control P ≥ 0.13; Linear in DFM P = 0.002
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Table 3.5.  Effects of degradable intake protein and direct-fed microbials on morbidity and humoral immune response 
Degradable Intake Protein, % of Requirement 
 
 
Item 
Control DFM P Value 
80 90 100 110 120 80 90 100 110 120 SEM DFM DIP  DFM × 
DIP 
Morbidity, %                
  Treated Once 25.00 31.25 10.00 25.00 20.00 20.00 12.50 15.00 15.00 30.00 9.00 0.57 0.72 0.59 
  Treated first 14 d 25.00 31.25 10.00 25.00 20.00 20.00 12.50 15.00 15.00 25.00 8.95 0.49 0.79 0.70 
               
Leptospriosis 
Titer, log 
6.78 6.24 6.09 6.22 6.38 6.09 6.33 6.24 6.40 6.19 0.221 0.11 0.50 0.54 
 
 
 
 
Table. 3.6. Effect of day and direct-fed microbial on fecal pH 
 Day 14 Day 28     
 Control DFM Control DFM SEM Day  TRT Day × 
TRT 
Fecal pH 6.71a 6.62b 6.61b 6.66b 0.045 0.40 0.62 0.02 
abMeans in the same row with different subscripts differ P < 0.10  
 
Figure 3.1. Effect of degradable intake protein and direct-fed microbials on 0 – 56 d average 
daily gain 
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Figure 3.2. Effect of time on leptospirosis titer 
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Figure 3.3. Effect of degradable intake protein and direct-fed microbials on 0 – 56 d average 
daily gain1 
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Linear DFM× DIP contrast P = 0.04
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1Analyzed without 110% of degradable intake protein treatment 
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CHAPTER 4: Effects of direct-fed microbials on in vitro gas production 
Introduction 
Direct-fed microbials have been shown to improve gain and growth efficiency during the 
receiving and finishing phases; however, these effects are often transient, occurring only during 
the early phases of feeding (Baah et al., 2009; Elam et al., 2003; Hutchenson et al., 1980; 
Swinney-Floyd et al., 1999).  Currently, the mechanism(s) mediating these changes have not 
been definitively identified, although there have been indications that DFM alter ruminal 
fermentation characteristics (i.e. VFA profiles, pH) (Beauchemin et al., 2003; Ghorbani et al., 
2002; Nocek et al., 2002; Nocek et al., 2003).  To date, the response of the rumen environment 
to DFM provision over time has not been characterized.  It is possible the effects of DFM on the 
rumen environment differ between 14 and 28 d of DFM provision and that differences may also 
be observed between treatment over time and a single dose.  The in vitro gas production 
technique simulates the rumen environment, which allows for characterization of DFM 
mediated changes in the rumen.  Previous in vitro gas production experiments have primarily 
focused on the effects of provision of Saccharomyces cerevisiae or combinations of yeast and 
Lactobacilli and have produced variable results in regards to total gas production and the 
formation of endpoint metabolites (Harrison et al., 1988; Lila et al., 2004; Mutsvangwa et al., 
1992); however, there is limited data on the impact of bacterial DFM on in vitro gas production 
(Baah et al., 2009).  This study was designed to determine if DFM impact in vitro gas production 
measures and if responses are dependent on length of time DFM have been provided. 
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Materials and Methods 
All procedures were approved by the University of Kentucky Institutional Animal Care 
and Use Committee. 
Twelve ruminally cannulated Angus steers (initial body weight 385 ± 35 kg) were used in 
a randomized complete block experiment, with time as the blocking factor (4 blocks of 3 steers).  
Initiation of treatment was staggered to ensure that only 3 steers were rumen fluid donors per 
day.  The limitation on number of steers serving as fluid donors per day resulted in unequal 
representation of treatments in each block; however, treatments were balanced across time 
with each treatment represented in every block.  Animal assignment to block was random, with 
the constraint that each treatment be represented in each block.  Steers were housed indoors in 
individual pens (3.0 × 3.7 m) with free access to water and 16 h light and 8 h dark cycle.  Animals 
were fed a high concentrate, TMR twice daily at 2.0 × NEm (Table 4.1).  The TMR was prepared 
weekly and stored in a walk in freezer (-20˚C).  Ingredient dry matters were determined weekly, 
prior to mixing the next load of TMR, by drying for 24 h in a forced air oven (100˚C, Model 1690, 
VWR scientific Products, Corneilius, OR).  Diet adaptation occurred over 26 days through use of 
two transitional diets.  Animals were adapted to the final diet for 10 days before the initiation of 
treatments.  Following adaptation to the final diet, beginning d 1 of the experimental period, 
diets were top-dressed twice daily with DFM (1 billion CFU/d) in corn carrier or a control 
consisting of corn carrier.  Direct-fed microbial consisted of a mixed bacterial culture which 
consisted primarily of Lactobacillus acidophilus and Enterococcus faecium and also included 
Pediococcus acidilacticii, Lactobacillus brevis, and Lactobacillus plantarum (10g, Vit-E-Men Co., 
Norforlk, NE). 
In vitro gas production was determined on d 14 and 28 in a split plot design with time as 
a repeated measure.  Whole plot consisted of animal treatment (inoculum), which was treated 
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with DFM or control as described previously, and sub-plot consisted of the in vitro fermentation 
vessel treatment (media).  The media treatment consisted of DFM (50,000 CFU) or lactose 
control.  Media DFM dosage provided the same CFU per unit of substrate dry matter as provided 
in vivo.  Each steer provided rumen fluid for six fermentation modules, resulting in 3 replicates 
per sub-plot treatment. Rumen contents were collected from the ventral rumen of each steer 
prior to AM feeding.  Contents were processed using an immersion blender for 2 minutes, 
strained through 4 layers of cheesecloth, and added to a buffer solution.  Buffer solution, macro- 
and micro-mineral solutions, and reducing solution were prepared as described previously 
(Goering and Van Soest, 1970).  These solutions (1100 ml) were combined with 200 ml of rumen 
fluid and maintained under a CO2 atmosphere until added to the 250 ml fermentation vessels.  
Fermentation vessels were provided with 400 mg substrate (296 mg DM basis); substrate 
consisted of the TMR freeze ground with a Wiley Mill to pass through a 1-mm screen.  Each 
fermentation vessel received 2 ml of H2O, 1 ml of DFM or lactose, and 100 ml of media.  Vessels 
were gassed with CO2 for 30 seconds and then fitted with remote automatic pressure 
transducers (AnkomRF Wireless Gas Production System, Ankom Technology, Macedon, NY).  
Vessels were incubated in a water bath at 39˚C for 30 hours and gas pressure was measured at 5 
minute intervals.  At the end of the fermentation, the accumulated gas pressure was released, 
pH was immediately determined using a portable pH meter, and samples of the culture broth 
were collected.  A 5 ml portion of the sample was combined with 0.5 ml of 25 % (wt/vol) 
metaphosphoric acid and 0.5 ml of VFA internal standard (8.5 mM 2-ethlybutyrate) and frozen 
for later analysis.  A second 5 ml sample was frozen for analysis of ammonia and DL-lactate. 
Culture broth VFA concentrations were determined by gas chromatography (6890 
Hewlett-Packard, Avondale, PA), fitted with a Supelco 25326 Nukol fused silica capillary column 
(15 m × 0.53 mm × 0.05 um film thickness; Sigma/Supelco, Bellefonte, PA) following previously 
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described procedures (Erwin et al., 1961; Ottenstein and Bartley, 1971).  Konelab analysis 
(Model 20XTi, Thermo Fisher Scientific, Waltham, MA) was used to determine NH3-N 
concentrations following procedures described previously (Kun and Kearny, 1974).  DL-lactate 
was determined by gas chromatography (Model 6890N, Network GC, Agilent Technologies, 
Santa Clara, CA) following the derivatization of culture broth samples (Hušek and Liebich, 1994; 
Kristensen, 2000).  Briefly, culture broth was combined with an internal standard consisting of 
sodium L-lactate-13C3, ethanol and acetonitrile, agitated using a vortex mixer (Maxi Mix II, 
Thermo Fisher Scientific, Waltham, MA) and then centrifuged at 3,000 × g for 15 min at 4˚C.  The 
supernatant was decanted and then combined with 37 % HCl and pyridine and mixed using a 
vortex mixer (Maxi Mix II, Thermo Fisher Scientific, Waltham, MA).  Ethyl chloroformate was 
added, sample was mixed again, and then deionized water and chloroform was added followed 
by further mixing.  Finally, the sample was centrifuged at 3000 × g for 3 min at 4˚C and the 
organic phase was transferred to autosampler vials. 
Calculations.  Module pressure readings were converted to gas volumes using the ideal 
gas law.  Gas volume parameters for individual modules were quantified using the best fit-
model from the evaluation of ten gas production models (Pitt et al., 1999).  The best fit model 
was determined to be the Fitzhugh model (1 ± e-rt)n, which describes gas volume as a function of 
time.  The variable t represents time, and r and n are parameters.  When n > 0 the lower sign is 
used and when n < 0 the upper sign is used. 
Statistical Analysis.  In vitro gas production model outputs (total ml of gas and rate of 
gas production) and end-point metabolite measures were analyzed as a split-split plot model 
using the GLM procedure (SAS Inst. Inc., Cary, NC).  Inoculum treatment was considered the 
whole-plot and media treatment was considered the sub-plot.  Within the media sub-plot, time 
(day) was considered a sub-plot.  The model statement included terms for inoculum treatment, 
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media treatment, block, week, and their interactions.  The interaction between inoculum 
treatment and block and the three way interaction between inoculum treatment, media 
treatment and block were considered rand effects.  
Results 
Three way interactions between inoculum treatment, media treatment, and time were 
not detected (P ≥ 0.35) for gas production measures or end-point metabolites.  Inoculum 
treatment with DFM decreased (P = 0.02) total gas production, which measured 148.6 and 131.1 
ml for control and DFM, respectively (Table 4.2). Similarly, there was a tendency (P = 0.06) for 
DFM treatment of the media to decrease total gas production (143.2 vs. 136.5 ml for control 
and DFM, respectively.).  Total gas production tended (P = 0.06) to increase over time from 
132.6 to 147.1 ml for d 14 and 28, respectively.  An interaction (P ≤ 0.01) for rate of gas 
production (h) was observed.  In the absence of inoculum DFM treatment, media DFM 
treatment resulted in a decrease in rate of gas production.  Conversely, with inoculum DFM 
treatment, DFM treatment of the media resulted in an increase in rate (Figure 4.1).  Rate of gas 
production increased (P = 0.02) from 0.13 to 0.14 ml/hr from d 14 to 28. 
Interactions were not observed (P ≥ 0.14) between inoculum treatment and day or 
inoculum treatment and media treatment for end point metabolites. Supply of DFM to the 
inoculum tended (P = 0.07) to decrease total VFA concentration of the culture broth from 80.86 
in control to 72.26 mM (Table 4.3).  Acetate concentration did not differ (P = 0.18) with 
inoculum DFM treatment (41.92 vs. 39.42 mM for control and DFM, respectively).  Propionate 
concentrations also did not differ (P = 0.20) with inoculum DFM application.  Provision of DFM to 
inoculum decreased (P = 0.04) butyrate concentration to 10.02 mM, compared to 12.32 mM in 
control.  The molar proportion of acetate was increased (P = 0.01) from 52.00 % in control 
inoculum to 54.38 % in DFM inoculum.  The molar proportion of propionate did not differ (P = 
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0.76) with inoculum DFM (20.27 vs. 19.89 % for control and DFM, respectively).  Similarly, the 
molar proportion of butyrate did not differ (P = 0.19) with DFM (15.63 vs. 13.71 % for control 
and DFM, respectively).  Direct-fed microbial supply to inoculum did not impact (P = 0.19) the 
acetate to propionate ratio.  Acetate to propionate ratio for control measured 2.68 for control 
and 2.91 for DFM.  DL-lactate concentrations did not differ (P =0.48) between inoculum 
treatments (0.071 vs. 0.070 mM).  Ammonia-N measured 18.22 mM for control and 15.50 mM 
for DFM and was not impacted (P = 0.15) by inoculum treatment.  Culture broth pH did not 
differ (P = 0.12) with inoculum treatment (6.38 vs. 6.46 for control and DFM, respectively). 
Interactions were not observed (P ≥ 0.18) between inoculum and media treatment or 
media treatment and day.  Total VFA concentrations (P = 0.40) did not differ with media DFM 
application (77.37 vs. 75.76 mM for control and DFM, respectively).  Supply of DFM to the media 
did not impact (P ≥ 0.26) acetate, propionate, or butyrate concentrations.  Similarly, molar 
proportions of acetate, propionate, and butyrate were not altered (P ≥ 0.59) by media DFM 
application.  The acetate to propionate ratio was not changed (P = 0.63) with media DFM 
application (2.78 and 2.81 for control and DFM, respectively).  No impact (P = 0.96) of media 
treatment on DL-lactate concentrations were observed.  Ammonia-N did not differ (P = 0.47) 
with media DFM application, measuring 16.65 and 17.07 mM for control and DFM, respectively.  
Direct-fed microbial provision to the media did not alter (P = 0.31) culture broth, which 
measured 6.42 for both control and DFM. 
Total VFA production decreased (P = 0.0002) from 81.79 mM on d 14 to 71.33 mM on d 
28.  Acetate concentration decreased (P < 0.0001) from 44.75 mM at d 14 to 36.60 mM at d 28.  
Propionate concentration was not impacted (P = 0.43) by time (14.88 vs. 15.82 mM for d 14 and 
28, respectively).  Butyrate concentration decreased (P = 0.0001) from 12.66 mM at d 14 to 9.98 
mM at d 28.  Consequently, molar proportion of acetate was decreased (P = 0.0002) from 54.90 
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(d 14) to 51.47 % (d 28) while propionate molar proportion increased (P = 0.04) from 18.16 (d 
14) to 22.00 % (d 28).  Additionally, the molar proportion of butyrate tended (P = 0.06) to 
decrease over time (15.40 vs. 13.94 % at d 14 and 28, respectively).  Acetate to propionate ratio 
decreased (P = 0.0007) from 3.09 at d 14 to 2.50 at d 28.  DL- lactate concentrations were 
increased (P < 0.0001) over time from 0.036 mM at d 14 to 0.104 mM at d 28.  Ammonia-N was 
not impacted (P = 0.43) by time, measuring 17.60 mM at d 14 and 16.12 mM at d 28.  Culture 
broth pH increased (P < 0.0001) from 6.30 at d 14 to 6.54 at d 28. 
Discussion 
 The in vitro gas production technique simulates the rumen environment, which allows 
for characterization of DFM mediated changes in the rumen.  There is a positive relationship 
between extent of feedstuff degradation and in vitro gas accumulation, where total gas 
produced is generally increased as substrate disappearance increases (Theodorou et al., 1994).  
Gas production and true substrate degradability have been shown to be highly correlated 
(Blümmel et al., 1997). Additionally, automated in vitro gas production systems also allow for 
characterization of the kinetics of fermentation (Getachew et al., 1998).  Inoculum DFM 
treatment, with a mixed bacterial culture of lactate producing DFM primarily consisting of 
Lactobacillus acidophilus and Enterococcus faecium, resulted in a decrease in total gas 
production, which is indicative of a decrease in the extent of substrate degradation and 
therefore suggests reduced ruminal fermentation.  This was accompanied by a tendency for a 
decrease in total VFA concentrations, which gives further support for diminished ruminal 
fermentation with inoculum DFM treatment.  Application of DFM directly to the media also 
resulted in a tendency for decreased total gas production, although there were no changes in 
endpoint metabolites.  Baah et al. (2009) observed a linear decrease in total gas production, as 
compared to control, with provision of increasing levels of Lactobacillus casei and Lactobacillus 
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lactis after 12 h of in vitro fermentation; however, no differences in total gas production were 
observed for 6, 24, and 48 h fermentations.  In vitro gas production responses to yeast DFM 
have been variable (Harrison et al., 1988; Lila et al., 2004; Mutsvangwa et al., 1992).  Harrison et 
al. (1988) observed no differences in gas production from cellulose after 2 or 5 wk of DFM 
provision.  Mutsvangwa et al. (1992) showed decreases in gas production whereas Lila et al. 
(2004) observed increases in total gas production with provision of twin strains of yeast.     
 In addition to a tendency for a decrease in total VFA concentrations, DFM treated 
inoculum also resulted in a decrease in butyrate concentration and an increase in the molar 
proportion of acetate.  Increases in the molar proportion of acetate suggest that methane 
production is increased with DFM; however, a direct measurement of methane was not 
obtained.  Similarly, in vitro increases in the molar proportion of acetate have been observed 
with provision of mixed bacterial cultures of Lactobacillus (Baah et al., 2009).  Increases in 
acetate are consistent with previous work that has demonstrated provision of 
Propionibacterium in vivo decreased amylolytic bacterial numbers while increasing protozoa 
numbers (Ghorbani et al., 2002).  This shift in microbial population was not accompanied by 
changes in the molar proportion of acetate; however, increases in the molar proportion of 
acetate have been observed in vivo with provision of Propionibacterium combined with 
Enterococcus faecium (Ghorbani et al., 2002).  A 5 fold increase in cellulolytic microorganisms 
has been observed with supplementation of a live yeast culture when measured in continuous 
culture (Dawson et al., 1990).  Live yeast has also been shown to increase cellulolytic bacteria 
counts in rumen fluid (Harrison et al., 1988).  Although the molar proportion of acetate was 
increased with inoculum-provided DFM, the acetate to propionate ratio did not differ.  This is in 
contrast to work by Baah et al. (2009), where a linear increase in acetate to propionate ratio was 
observed with increasing DFM provision after 12, 24, and 48 h of fermentation.  Ammonia-N did 
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not differ with DFM, which is in agreement with previous work that has found no difference in 
microbial N with DFM provision in vitro (Baah et al., 2009).   
 Inoculum DFM application, provision of DFM to the donor fluid animal, appears to be 
necessary to elicit changes in endpoint metabolite production, as media DFM application did not 
impact measures of endpoint metabolites.  This suggests that DFM alter ruminal fermentation 
by inducing shifts in the microbial ecology of the rumen.  This hypothesis is supported by 
documentation of shifts in microbial populations with provision of bacterial DFM (Ghorbani et 
al., 2002).  Similarly, live yeast cultures have also been found to alter ruminal microbial 
populations (Dawson et al., 1990; Harrison et al., 1988).  However, DFM application to the 
media tended to decrease total gas production, or extent of substrate degradation, and an 
interaction for rate of gas production between inoculum treatment and media treatment was 
observed.  This suggests that the bacteria in the DFM are also having a more immediate impact 
on the rumen environment.  Impact of DFM application to the media on rate of gas production 
was dependent on inoculum treatment.  In the absence of DFM treatment to the inoculum, DFM 
treatment of the media resulted in a decrease in rate of gas production.  Conversely, with DFM 
treatment to the inoculum, DFM treatment of the media resulted in an increase in rate.  This 
suggests that that the microbes in the DFM interacted with the microbial populations, or 
otherwise alter the rumen environment, in the DFM treated inoculum in a manner which 
increased rate of digestibility while tending to decrease extent of degradation.  In the absence of 
DFM treatment to inoculum, DFM treated media resulted in a depression in rate of digestibility 
and also tended to decrease extent of degradation.  The mechanisms through which these 
interactions are mediated are unknown.  Ultimately, these results suggest that the traditional 
model for in vitro gas production experiments, use of donor rumen fluid from an untreated 
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animal and supply of treatments directly to the media only, may not be appropriate when 
studying DFM. 
 Total gas production tended to increase over time, regardless of DFM provision, and an 
increase in rate of gas production was also observed.  Total VFA concentration decreased from d 
14 to d 28.  Typically, an increase in VFA concentration would be expected with increased gas 
production.  Although difficult to explain, it is possible that this decrease may be due to 
increased microbial sequestration of VFA carbon in the microbial biomass (Kristensen, 2001).  
Increased gas production may be a function of increased microbial growth, therefore increasing 
the energy requirements of the microbial population and resulting in greater utilization of VFA.  
Acetate and butyrate concentrations decreased while the propionate concentration remained 
unchanged from d 14 to 28.  As a result, the molar proportion of propionate increased at the 
expense of acetate and butyrate and therefore a decrease in the acetate to propionate ratio was 
observed.  An increase in DL-lactate concentration was observed at d 28, which is likely 
attributable to lactate’s role as an intermediate in propionate production via the acrylate 
pathway (Baldwin et al., 1962).  Culture broth pH was increased from d 14 to 28, presumably 
due to decreases in total VFA concentration.  Although DL- lactate was increased at d 28, this 
increase was small in comparison to the decreases in total VFAs observed.   
Summary 
 Direct fed microbials alter in vitro gas production and end point metabolites, confirming 
previous work that has shown shifts in ruminal fermentation with DFM (Beauchemin et al., 
2003; Ghorbani et al., 2002; Nocek and Kautz, 2006; Nocek et al., 2002).  Total gas production 
and endpoint metabolites were altered with DFM provision to the donor fluid animal, suggesting 
that DFM alter ruminal fermentation through shifts in microbial populations; however, 
interactions between inoculum and media treatment suggest that DFM also have more 
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immediate influences on the rumen environment.  More research will be necessary to 
characterize the nature of these relationships. 
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Table 4.1. Dry matter diet composition of basal diet 
  % Inclusion   
Feedstuff  Step- up Diet 1  Step-up Diet 2  Final Diet  
Dry Distillers Grain  20.0  20.0  20.0  
Corn Silage  20.0  12.5  5.00  
Alfalfa Silage  20.0  12.5  5.00  
Steam Flaked Corn  21.0  31.5  42.0  
High Moisture Corn  9.00  13.5  18.0  
Ground Corn 6.88 6.88 6.77 
Limestone 2.00 2.00 2.00 
Trace Mineral Premix 0.50 0.50 0.50 
Urea 0.35 0.35 0.35 
Tallow 0.25 0.25 0.25 
Vitamin Premix 0.02 0.02 0.02 
Thiamine 91% 0.0005 0.0005 0.0005 
1Trace Mineral Premix – Salt, not less than 92% not greater than 96%, Zinc 0.55%, Iron 0.93%, 
Manganese 0.48%, Copper 0.18%, Iodine 0.01%, Selenium 0.01%, Cobalt 0.01% (2653L, 
Burkmann Feeds, Danville, KY) 
2Vitamin Premix – Vitamin A 1,818,182 IU/kg, Vitamin D 363,000 IU/kg, Vitamin E 227 IU/kg 
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Table 4.2.  Impact of inoculum and media direct-fed microbial application and day on in vitro gas production measures  
 Inoculum  Media  Day  P Value 
Item Control DFM SEM1 Control DFM SEM2 14 28 SEM3 Inoculum Media Day 
Total, ml4 148.6 131.1 5.45 143.2 136.5 5.45 132.6 147.1 5.29 0.02 0.07 0.06 
Rate,hr5 0.132 0.137 0.005 0.134 0.135 0.005 0.127 0.142 0.005 0.79 0.49 0.02 
1n=6/trt 
2n=12/trt 
3n=12/d 
4Total: No interactions P ≥ 0.39 
5Rate: Inoculum × Media P = 0.009  
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Table 4.3. Effect of inoculum and media direct-fed microbial application and day on in vitro endpoint metabolites 
 Inoculum Media Day  P Value 
Item Control DFM SEM1 Control DFM SEM2 14 28 SEM3 Inoculum Media Day 
Total VFA, mM 80.86 72.26 1.81 77.37 75.76 1.81 81.79 71.33 1.76 0.07 0.40 <0.01 
 Acetate 41.92 39.42 0.98 40.96 40.39 0.98 44.75 36.60 0.96 0.18 0.58 <0.01 
 Propionate 16.51 14.20 0.88 15.49 15.21 0.88 14.88 15.82 0.85 0.20 0.24 0.43 
 Butyrate 12.32 10.02 0.45 11.53 11.11 0.45 12.66 9.98 0.43 0.04 0.26 <0.01 
Molar Proportion, 
mol/100 mol 
            
 Acetate 52.00 54.38 0.59 52.95 53.41 0.59 54.90 51.47 0.57 0.01 0.21 <0.01 
 Propionate 20.27 19.89 0.92 20.11 20.01 0.92 18.16 22.00 0.89 0.76 0.75 <0.01 
 Butyrate 15.63 13.71 0.56 14.75 14.59 0.56 15.40 13.94 0.54 0.19 0.26 0.06 
Acetate:Propionate 2.68 2.91 0.12 2.78 2.81 0.12 3.09 2.50 0.11 0.19 0.63 <0.01 
DL - Lactate mM 0.071 0.070 0.003 0.070 0.070 0.003 0.036 0.104 0.002 0.48 0.96 <0.01 
NH3-N mM 18.22 15.50 1.39 16.65 17.07 1.39 17.60 16.12 1.35 0.15 0.47 0.43 
pH 6.38 6.46 0.02 6.42 6.42 0.02 6.30 6.54 0.02 0.12 0.31 <0.01 
1n=6/trt 
2n=12/trt 
3n=12/d 
 
 
 
 
 
 
 
 
Figure 4.1.  Effect of direct-fed microbial application on rate of in vitro gas production 
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CHAPTER 5: Impact of direct-fed microbials on growth performance, carcass characteristics, 
ruminal fermentation, lactate utilization, and digestibility in steers fed a high concentrate diet 
Introduction 
Increases in gain and growth efficiency have been observed with DFM; however these 
responses have been variable, with this variation typically attributed to differences in strain of 
bacteria and dosage (Elam et al., 2003; Peterson et al., 2007; Swinney-Floyd et al., 1999).  In a 
review of literature, Krehbiel et al. (2003) found that feeding bacterial DFM to feedlot cattle 
results in a 2.5 to 5 % increase in daily gain and approximately a 2 % increase in feed efficiency.  
Previous work has focused primarily on the inclusion of lactate utilizing bacteria or mixed 
cultures of lactate utilizing and producing bacteria in finishing cattle diets, with little emphasis 
being placed on mixed cultures consisting entirely of lactate producing bacteria.  The driving 
mechanism(s) behind the differences in growth and efficiency have not been definitively 
identified; however DFM have been shown to modulate ruminal fermentation, as evidenced by 
shifts in rumen pH and VFA profiles (Beauchemin et al., 2003; Ghorbani et al., 2002; Nocek and 
Kautz, 2006).  Due to DFM ability to modulate ruminal fermentation there has been interest in 
the potential application of DFM as a preventative tool against ruminal acidosis.  Ruminal 
acidosis is the most common nutritional disorder observed in the feedlot and is the result of the 
production of VFAs and lactic acid at rates greater than the capacity for ruminal clearance and 
results in severe depressions in ruminal pH following feeding (Nagaraja and Titgemeyer, 2007).  
It has been postulated that a supply of lactate producing DFM results in a tonic level of lactic 
acid in the rumen, which in turn stimulates the lactate utilizing bacterial population and thereby 
increasing mean ruminal pH (Yang et al., 2004).  A set of studies was designed to test the 
hypotheses that DFM inclusion in feedlot diets will result in improvements in growth 
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performance, performance responses will differ with strain of DFM provided, and that DFM play 
a role in modulating ruminal fermentation patterns and lactate utilization.   
Materials and Methods 
Experiment 1 
 All procedures were approved by the University of Kentucky Institutional Animal Care 
and Use Committee. 
 Seventy-two crossbred beef steers (354 kg ± 27 kg) were used in a randomized complete 
block design experiment, with initial weight as the blocking factor.  Animals were previously 
purchased from local sale yards and had received a 40:60 forage to concentrate receiving diet 
for 46 days prior to the start of the experiment.  Prior to initiation of the study, animals were 
vaccinated and dewormed (Intervet Safe-Guard Drench, Merck Animal Health, Summit, NJ).  
Animals received a single vaccination against Mannheim Haemolytica and Pasteurella Multocida 
(Intervet Once PMH; Merck Animal Health, Summit, NJ).  Additionally, they received clostridial 
(Intervet Vision 7, Merck Animal Health, Summit, NJ).  Cattle were weighed and processed on d 
0.  Processing involved the administration of a growth implant (Revalor XS, Merck Animal 
Health, Summit, NJ). 
 Within weight block, steers were randomly assigned to pen and treatment.  Steers were 
housed in 2.44 by 14.63 m pens, with 4 animals per pen, in a three-sided, concrete, floored 
barn.  Pens were equipped with fence line bunks, consisting of 2.44 linear meters per pen (0.61 
m bunk space per animal).  Free access to water was provided at all times.  Adjacent pens 
shared a common water source; therefore, DFM treatments were assigned randomly to “pen 
pairs” to minimize exposure to DFM across treatment groups.   
 Animals were fed a common, high-concentrate, TMR diet once daily at ad libitum intake 
(Table 5.1).  Diet adaptation occurred during the first 21 d of the experimental period and was 
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accomplished through the feeding of 3 separate step-up diets, supplied to achieve ad libitum 
intake, fed for 7 d each.  The diet was prepared daily and adjusted weekly for changes in 
ingredient dry matter content.  Ingredient dry matters were determined by drying feedstuffs for 
24 h in a forced air oven (100˚C, Model 1690, VWR scientific Products, Corneilius, OR).  
Individual ingredient samples were collected weekly, composited by 28 d period, and stored at -
20˚C.  Cattle were fed once daily, with the amount of feed offered adjusted daily to proved ad-
libitum intake with minimal amounts of feed refusals.  In order to determine intake, feed 
refusals were collected and weighed weekly.  Pens were scraped clean and bedded with 
sawdust routinely.   
Animals were assigned to one of three treatments; 1) control, 2) a mixed bacterial 
culture of lactate producing bacteria (LAB), 3) a mixed bacterial culture consisting of lactate 
producing and utilizing bacteria (LAB/LU).  The lactate producing culture primarily consisted of 
Lactobacillus acidophilus and Enterococcus faecium and also included Pediococcus acidilacticii, 
Lactobacillus brevis, and Lactobacillus plantarum (10g, Vit-E-Men Co., Norforlk, NE). The culture 
with lactate producing and utilizing bacteria primarily consisted of Lactobacillus acidophilus and 
Propionobacterium freudenrichii (Bovamine, Nutrition Physiology Co., Guymon, OK).  Control 
animals received lactose, which served as the carrier for the lactate producing culture. 
Treatments were prepared weekly by mixing 784 g of DFM or lactose with 55 kg of finely ground 
corn and stored at -20˚C.  Treatments were applied daily as a top-dress over the TMR.  Each pen 
received 500 g of top-dress in order to supply 1 billion CFU DFM per head.  In order to decrease 
the likelihood of cross-contamination, the mixer was swept clean and a three minute wash-out 
mix was completed between every treatment.  Additionally, all other items which came in 
contact with the DFM were color coded and were only used for a specific treatment. 
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The experiment followed a blind study protocol.  Treatment identification was unknown 
to all personnel directly involved with the experiment during data collection and summary.  
Laboratory personnel developed a master sheet, identifying each treatment with a color.  
Direct-fed microbials were dispensed into color coded vials at the laboratory, transported to the 
beef research facility, and subsequently mixed with ground corn carrier.   
Individual body weights were recorded on d 0, 1, 28, 56, 84, 112, 132 and 154.  The 
average body weight from two consecutive weigh days (d0 and d1) was used to determine initial 
body weight.  Final live weight was obtained prior to shipment to slaughter facility.  Accuracy of 
scales was tested with weights immediately prior to each weigh day.   
Steers were shipped to Tyson Fresh Meats (Joslin, IL) for slaughter.  Hot carcass weight, 
dressing percentage, backfat thickness, marbling score, yield grade and quality grade measures 
were collected for each individual animal.   
Animals were visually examined daily and treated for sickness, if required.  In order for 
an animal to qualify for treatment the animal must have appeared visually sick (e.g. lethargic, 
coughing, runny nose), or exhibited body weight loss relative to either initial body weight or 
interim body weight, and also have had a rectal temperature greater than 39.7 ˚C.  The 
medication protocol and order of medication administration consisted of 1) a single 
subcutaneous injection of Micotil (Tilmicosin, Elanco Animal Health, Greenfield, IN), 2) Nuflor 
(Florfenicol, Merck Animal Health, Summit, NJ), and 3) a single subcutaneous injection of LA-200 
(Oxytetracycline, Pfizer Animal Health, New York, HY).  In order to receive a second or third 
treatment animals were required to be non-responsive the previous treatment greater than 
label specifications for the previously administered medication (Micotil 2 d, Nuflor 3 d).  Animals 
were not treated more than 3 times.  In the event that an animal did not respond to the 
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medication protocol they would have been defined as chronic and removed from the study; 
however, there were no cases of chronic sickness in this study.  
Calculations.  Performance measures were calculated for 6 different periods; 0 to 28, 29 
to 56, 57 to 84, 85 to 112, 113 to 132, and 133 to 154 days.  Additionally, performance measures 
were calculated from d 0 to each weigh date (ex. d 0 to 28, 0 to 56, and so forth).  Dry matter 
intake was determined for each pen by subtracting the accumulation of feed refusals for the 
period from the total amount of feed offered over the same time period.  Average daily gain per 
animal was calculated as the total body weight gain per period divided by number of days per 
period, an average of the individual animal values was used to determine pen ADG.  Gain 
efficiency was calculated as g body weight gain per period divided by kg feed intake over the 
same time period. 
Statistical Analysis.  Statistical analysis of average daily gain, dry matter feed intake, and 
growth efficiency was performed using the GLM procedure (SAS Inst. Inc., Cary, NC) with a 
randomized complete block design with weight as the blocking factor and pen as the 
experimental unit.  Contrasts were performed to compare the control versus lactate producing 
treatment and to compare the lactate producing versus lactate utilizing and producing.  
Experiment 2 
All procedures were approved by the University of Kentucky Institutional Animal Care 
and Use Committee. 
 Twelve ruminally cannulated Angus steers (initial body weight 385 ± 35 kg) were used in 
a randomized complete block experiment, with time as the blocking factor (4 blocks of 3 steers).  
Initiation of treatment was staggered to ensure that only 3 steers were sampled/challenged per 
day, with the exception of the total collection period which was split into two time blocks (6 
steers/block).  The limitation on number of steers handled per day resulted in unequal 
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representation of treatments in each block; however, treatments were balanced across time 
with each treatment represented in every block.  Animal assignment to block was random, with 
the constraint that each treatment be represented in each block.  Steers were housed indoors in 
individual pens (3.0 × 3.7 m) with free access to water and 16 h light and 8 h dark cycle.  Animals 
were fed a high concentrate, TMR twice daily at 2.0 × NEm (Table 5.2).  The TMR was prepared 
weekly and stored in a walk in freezer (-20˚C).  Ingredient dry matters were determined weekly, 
prior to mixing the next load of TMR, by drying for 24 h in a forced air oven (100˚C, Model 1690, 
VWR scientific Products, Corneilius, OR).  Diet adaptation occurred over 26 days through use of 
two transitional diets.  Animals were adapted to the final diet for 10 days before the initiation of 
treatments.  Following adaptation to the final diet, beginning d 1 of the experimental period, 
diets were top-dressed twice daily with DFM (1 billion CFU/d) in corn carrier or a control 
consisting of corn carrier.  Direct-fed microbial was a mixed bacterial culture which primarily 
consisted of Lactobacillus acidophilus and Enterococcus faecium and also included Pediococcus 
acidilacticii Lactobacillus brevis, and Lactobacillus plantarum (10g, Vit-E-Men Co., Norforlk, NE). 
 A pulse dose of CrEDTA, 500 ml CrEDTA solution (13.22 mM) diluted with H2O to a total 
volume of 1 L, was given intraruminally just prior to AM feeding on d 14 and 28 of the study to 
determine liquid dilution rate.  Rumen fluid samples were collected using a suction strainer just 
prior to (0 h) and 3, 6, 9, 12, and 24 h post CrEDTA infusion from multiple locations of the 
ventral rumen.  pH was determined immediately after sample collection using a portable pH 
meter (Acorn pH 6 Meter, Oakton Instruments, Vernon Hills, IL).  A 5 ml portion of the sample 
was combined with 0.5 ml of 25% (wt/vol) metaphosphoric acid and 0.5 ml of VFA internal 
standard (8.5 mM 2-ethlybutyrate) and frozen for later analysis.  Approximately 15 ml of sample 
was frozen in a scintillation vial for determination of CrEDTA concentration.  The remaining 
sample was centrifuged (Sorvall Legend RT, Thermo Fisher Scientific, Waltham, MA) at 4300 × g 
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for 5 minutes at 4˚C and approximately 5 ml of the resulting supernatant was frozen for analysis 
of ammonia-N. 
A lactate challenge was conducted on d 15 and 29 of the study to determine lactate 
clearance from the rumen.  Steers were dosed intraruminally with a 2 L solution, consisting of 
500 ml of neutralized lactate solution (555.06 mM), 500 ml of CrEDTA solution (13.32 mM) and 
1L of nanopure H2O, 3 h post-AM feeding.  Rumen fluid was collected via a suction strainer just 
prior to dosing (0 min), every 10 min for the first hour, and every 20 minutes thereafter up to 
120 min post-dosing.  pH was immediately determined using a portable pH meter (Acorn pH 6 
Meter, Oakton Instruments, Vernon Hills, IL).  The remaining sample was centrifuged for 5 
minutes at 4300 × g at 4˚C.  Approximately 2 ml of the resulting supernatant was 
microcentrifuged (Model 235C, Thermo Fisher Scientific, Waltham, MA) for 1.5 min at 13,600 × 
g at room temperature and then immediately analyzed for L-lactate (2700-Select Biochemistry 
Analyzer, YSI Inc., Yellow Springs, OH).  The remaining supernatant was deproteinized with 6 N 
HClO4 and centrifuged from 10 minutes at 4300 × g at 4˚C.  The resulting supernatant was then 
neutralized with 6 N KOH, centrifuged for 4300 × g at 4˚C, and the resulting supernatant was 
frozen for later analysis of DL lactate.  Additional rumen fluid was collected at each timepoint for 
determination of CrEDTA concentrations.   
Approximately 2 h prior to the lactate infusion, steers were fitted with a jugular catheter 
(14 gauge, 6 inch) to facilitate blood sampling.  Blood samples were collected into a heparinized 
syringe just prior to dosing (0 min), every 10 min for the first hour, and every 20 minutes 
thereafter up to 120 min post-dosing and stored in vacutainers (Becton, Dickson and Co., 
Franklin Lakes, NJ) on ice until centrifuged.  Samples were centrifuged at 1350 × g for 15 min at 
4˚C and the resulting plasma was frozen for later analysis of DL lactate. 
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Steers were transferred to individual tie stalls for a 5 d total collection of urine and 
feces.  Steers were blocked into 2 groups for the total collections, with a total of 6 steers being 
collected during each block.  A period of 10 to 12 d was allowed before the initiation of total 
collections to allow the rumen environment to stabilize from any potential disturbances caused 
during the lactate challenge.  Feeding and treatment protocol remained as previously described.  
Daily urine and fecal output were obtained immediately before the AM feeding.  Urine was 
collected using a rubber funnel system under vacuum that drained into a plastic container.  
Urine was acidified (pH < 3) with the addition of 0.3 to 0.7 L of a 23.5 % solution of phosphoric 
acid to the collection vessel to prevent ammonia-N loss.  Urine output was recorded daily and a 
constant percentage of urine was sub-sampled daily, approximately 200 g per steer.  Wet fecal 
weight output was recorded daily and sub-sampled to yield approximately 2 kg wet matter per 
day.  Urine and fecal samples were frozen daily and then composited at the end of the 5 d 
period.  Fecal dry matter was determined daily in a forced air oven (100˚C, Model 1690, VWR 
scientific Products, Corneilius, OR).  A sample of the TMR and the top-dress was collected daily, 
frozen, and then composited at the end of the 5 d period.  Feed refusals were weighed and 
frozen daily.  Feed, feed refusal and fecal samples were later analyzed for dry matter and 
organic matter.  Crude protein was determined for feed, feed refusal, fecal, and urine samples 
using a gas N analyzer (Vario Max, Elementar Americas Inc., Mt. Laurel, NJ). 
Ruminal VFA concentrations were determined by gas chromatography (6890 Hewlett-
Packard, Avondale, PA), fitted with a Supelco 25326 Nukol fused silica capillary column (15 m × 
0.53 mm × 0.05 um film thickness; Sigma/Supelco, Bellefonte, PA) following previously 
described procedures (Erwin et al., 1961; Ottenstein and Bartley, 1971).  Konelab analysis 
(Model 20XTi, Thermo Fisher Scientific, Waltham, MA) was used to determine NH3-N 
concentrations following procedures described previously (Kun and Kearny, 1974).  Samples 
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were analyzed for chromium concentration using atomic absorption spectroscopy (AAnalyst 
200, PerkinElmer, Shelton, CT) with an air-acetylene flame (Binnerts et al., 1968).  DL-lactate was 
determined by gas chromatography (Model 6890N, Network GC, Agilent Technologies, Santa 
Clara, CA) following the derivatization of rumen fluid samples (Hušek and Liebich, 1994; 
Kristensen, 2000).  Briefly, rumen fluid was combined with an internal standard consisting of 
sodium L-lactate-13C3, ethanol and acetonitrile, agitated using a vortex mixer (Maxi Mix II, 
Thermo Fisher Scientific, Waltham, MA) and then centrifuged at 3,000 × g for 15 min at 4˚C.  The 
supernatant was decanted and then combined with 37 % HCl and pyridine and mixed using a 
vortex mixer (Maxi Mix II, Thermo Fisher Scientific, Waltham, MA).  Ethyl chloroformate was 
added, sample was mixed again, and then deionized water and chloroform was added followed 
by further mixing.  Finally, the sample was centrifuged at 3000 × g for 3 min at 4˚C and the 
organic phase was transferred to autosampler vials. 
Calculations.  Liquid dilution rate was determined by regressing the natural logarithms 
of Cr concentrations against sampling times (Warner and Stacy, 1968).  Area under the curve 
(pH vs. time) was used as an indicator of subacute ruminal acidosis (SARA) and was calculated as 
a function of the time spent under pH of 5.8 over the 12 h sampling period.  A threshold pH of 
5.8 was used to define incidence of SARA based on previous work (Aschenbach et al., 2011).  
Rate of DL and L-lactate disappearance from the rumen, independent of outflow from the 
reticulo-omasal orifice, was determined by regressing the natural logarithms of the ratio of 
lactate to CrEDTA against sampling times.  Dry matter, OM, and N digestibility were calculated 
by subtracting the nutrient output in the feces from the nutrient intake and dividing the 
difference by the nutrient intake.  Retained N was determined by subtracting fecal and urine N 
from N intake. 
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Statistical Analysis.  Rumen profile measures (pH, VFA, NH3-N, lactate) were analyzed 
using the Mixed procedure (SAS Inst. Inc., Cary, NC) with repeated measures (hour) within 
repeated measures (day).  The model statement included terms for treatment, hour, day, and 
block, as well as the interactions between treatment, hour, and week.  Liquid dilution and 
volume were analyzed using the Mixed procedure (SAS Inst. Inc., Cary, NC) with treatment, day, 
and block and the interaction between treatment and day were included in the model.  The 
Mixed procedure (SAS Inst. Inc., Cary, NC) was used to analyze pH minimum, maximum, and 
area under the curve.  The model statement included terms for treatment, day, block, and the 
interaction between treatment and day.  Mean separation was determined using least 
significant differences for variables with time by treatment effects. 
Rate of ruminal DL and L-lactate disappearance, independent of outflow through the 
reticulo-omasal orifice, were analyzed using the Mixed procedure (SAS Inst. Inc., Cary, NC) with 
day, treatment, and block in the model statement.  Ruminal pH and plasma L-lactate measures 
from each sampling point during lactate challenge were analyzed using the Mixed procedure 
(SAS Inst. Inc., Cary, NC).  Day and treatment were considered fixed effects.  Data from steers 
with CrEDTA disappearance curves which did not match normal one phase decay curves were 
not included in the analysis.  At d 14 2 steers were removed due to irregularities in CrEDTA 
disappearance and 4 steers at d 28.   
Digestibility measures (DM, OM, N, retained N) were analyzed using the GLM procedure 
(SAS Inst. Inc., Cary, NC) with block and treatment in the model statment.   
Results 
Performance Measures.  No differences (P ≥ 0.14) in DMI, ADG, or growth efficiency 
were observed between control and LAB (Table 5.3).  Dry matter intake during the first 28 d of 
the study was greater (P = 0.04) for the LAB/LU than the LAB treatment (8.96 and 8.55 kg for 
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LAB/LU and LAB, respectively).  No other differences (P ≥ 0.71) in dry matter intake were 
observed.  There was a tendency (P = 0.06) for ADG to be greater for LAB than LAB/LU (2.23 vs. 
2.01 kg) from d 57 to 84.  Additionally, when calculated from the beginning of the study to each 
weigh date there were significant increases (P ≤ 0.04) in ADG for the LAB treatment over the 
LAB/LU treatment from 0 to 84 d and 0 to 132 d (Table 5.4).  Ultimately, ADG was greater (P = 
0.04) for LAB (1.87 kg) than LAB/LU (1.75 kg) over the entire 154 d feeding period.  No significant 
differences (P ≥ 0.14) in gain efficiency (g gain/kg feed) were observed for the various periods, 
with the exception for a tendency (P = 0.07) for an increase from d 57 to 84 for LAB over LAB/LU 
(227.3 vs. 206.7 g/kg for LAB and LAB/LU, respectively).  However, when calculating gain 
efficiency from the beginning of the study to the end of each period differences were observed 
from d 0 to 84 and beyond.  The LAB treatment had greater gain efficiency (P ≤ 0.04), as 
compared to LAB/LU, from days 0 to 84 and 0 to 132.  There was a tendency (P = 0.07) for 
greater gain efficiency from days 0 to 112 in LAB fed animals than LAB/LU.  Ultimately, there was 
a tendency (P = 0.07) for greater growth efficiency over the 154 d feeding period (196.3 vs. 
184.7 g/kg for LAB and LAB/LU, respectively).  Final live weight was greater (P = 0.05) for the LAB 
treatment than the LAB/LU treatment (644.3 and 624.5 kg, respectively).  
 Carcass Characteristics.  Hot carcass weight did not differ (P = 0.30) between control 
(392.33 kg) and LAB (399.50 kg) (Table 5.5).  Dressing percentage was similar (P = 0.74) between 
control and LAB, 61.98 and 62.07%, respectively.  Backfat thickness did not differ (P = 0.49) 
between control and LAB, 1.69 and 1.55 cm, respectively.  No differences (P = 0.40) were 
observed between control and DFM for yield grade (3.26 vs. 3.04 for control and LAB, 
respectively).  Quality grade did not differ (P = 0.67) between control (4.13) and LAB (4.25).  
Marbling score did not differ (P = 0.30) between control and LAB, scoring 253.00 and 279.17, 
respectively.  Hot carcass weight did not differ (P = 0.14) between DFM treatments (399.50 vs. 
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389.17 for LAB and LAB/LU, respectively).  Dressing percentage was not different (P = 0.33) 
between LAB (62.07 %) and LAB/LU (62.32 %).  Backfat thickness did not differ (P = 0.93) 
between DFM treatments (1.55 vs. 1.53 cm for LAB and LAB/LU, respectively).  Yield grade was 
3.04 for LAB and 3.00 for LAB/LU and did not differ (P = 0.87).  Quality grade was not impacted 
(P = 0.96) by type of DFM treatment (4.25 vs. 4.24 for LAB and LAB/LU, respectively).  Marbling 
score did not differ (P = 0.81) between LAB (279.17) and LAB/LU (273.17). 
 Fermentation Characteristics.  Three way interactions between treatment, day, and 
sampling hour were not observed (P ≥ 0.30) for fermentation variables.  Total ruminal VFA 
concentrations did not differ (P = 0.19) between control and DFM, measuring 127.6 and 119.1 
mM, respectively (Table 5.6).  Additionally, no differences (P = 0.31) in total VFA concentrations 
were observed between d 14 and 28 (126.4 and 120.3 mM for d 14 and 28).  Total VFA 
concentrations were dependent on sampling hour (P = 0.05), they were greatest at h 3 and 6 
post-feeding and decreased thereafter to pre-feeding levels (Table 5.7).  There was a tendency 
(P = 0.06) for mean daily acetate (59.0 to 51.9 mM) and butyrate (13.9 vs. 11.5 mM 
concentrations to decrease over time from d 14 to 28.  Propionate concentration was 
dependent on sampling hour (P < 0.01), concentration peaked 3 hours post-feeding and 
decreased overtime thereafter to pre-feeding levels.  A day by h interaction (P < 0.01) was 
detected for the acetate to propionate ratio; however, overall, the acetate to propionate ratio 
was higher at each time point on d 14, as compared to d 28.  A treatment by hour effect (P < 
0.04) was observed for the molar proportion of acetate (Table 5.8).  Overall, DFM increased the 
molar proportion of acetate by 4.4 % over the 12 h sampling period.  Additionally, the mean 
daily molar proportion of acetate had a tendency (P = 0.07) to decrease from d 14 to 28 (56.1 vs. 
53.0 %).  Conversely, the molar proportion of propionate increased (day × hour; P < 0.01) an 
average of 4.7 % from d 14 to 28.  Molar proportion of butyrate was not influenced (P ≥ 0.19) by 
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DFM or time. DL-lactate concentrations were below detectable levels at all time points.  A 
tendency (p = 0.07) for a treatment by day interaction occurred for ammonia-N concentration, 
in which the mean daily ammonia-N concentration remained the same in DFM treated animals 
from d 14 to 28 (3.64 vs. 3.58 mM), whereas in control animals ammonia-N concentrations 
increased over time (2.38 vs. 4.84 mM).  Ruminal pH was influenced (P < 0.01) by time sampled 
in relation to feeding; pH decreased from hours 0 (pre-AM feeding) to 3 and then slowly 
recovered to pre-feeding levels by hour 12.  There was a tendency (P = 0.08) for a treatment by 
day interaction for mean ruminal pH.  Mean ruminal pH was similar for control on d 14 (6.04) 
and 28 (6.09), whereas mean pH increased from d 14 (6.05) to d 28 (6.35) for DFM.  Similarly, 
there was a tendency (P = 0.10) for a treatment by day interaction for minimum pH (Table 5.9).  
Minimum pH did not differ for control from d 14 to 28, measuring 5.69 and 5.83, respectively; 
however, minimum pH for DFM increased from 5.70 to 6.16 over time.  An interaction (P = 0.05) 
was observed for maximum pH where maximum pH decreased from 6.43 to 6.31 from d 14 to 
28 in control but increased over time with DFM from 6.31 to 6.53.  Area under the curve did not 
differ (P = 0.54) between treatments, although a decrease (P < 0.01) was observed from d 14 to 
28. 
 Liquid Dilution Rates.  Liquid dilution rate (percent/h) did not differ (P = 0.41) between 
control (3.73 %) and DFM (3.08 %) (Table 5.10).  Additionally, no differences (P = 0.99) in liquid 
dilution rate were observed over time, measuring 3.4 %/hr at both d 14 and 28.  There was a 
tendency (P = 0.07) for an increase in rumen liquid volume with the DFM treatment, with 
volumes of 55.7 and 76.0 L for control and DFM, respectively.  No differences (P = 0.18) in liquid 
volume were observed between d 14 and 28 (72.8 and 58.9 L for d 14 and 28, respectively). 
 Lactate Challenge.  Rate of L-lactate disappearance (2.86 vs. 2.90 %/hr for control and 
DFM, respectively), independent of outflow, was unaffected (P = 0.96) by treatment (Table 
68 
 
 
5.11).  No differences (P = 0.58) were observed for L- lactate disappearance from d 14 (2.68 
%/hr) to 28 (3.08 %/hr).  Similarly, rate of DL-lactate disappearance, independent of outflow, 
was also unaffected (P = 0.33) by treatment, measuring 2.72 %/hr for control and 2.01 %/hr for 
DFM.  Day had no affect (P = 0.52) on rate of DL-lactate disappearance.  At d 14, DL-lactate 
disappearance rate was 2.15 %/hr compared to 2.60 %/hr at d 28.  Mean plasma L-lactate 
concentrations did not differ (P = 0.55) between control (0.80 mM) and DFM (0.64 mM).  Day 
had no affect (P = 0.40) on mean plasma L-lactate concentrations (0.83 vs. 0.61 mM for d 14 and 
28, respectively).  There was a decrease (P = 0.02) in plasma L-lactate over the challenge period 
(Figure 5.1).  Average rumen pH during the lactate challenge period did not differ (P = 0.16) by 
treatment (5.73 vs. 5.95 for control and DFM, respectively).  No differences (P = 0.34) were 
observed between d 14 (5.77) and 28 (5.91) for rumen pH during the challenge period.  
However, rumen pH increased (P < 0.0001) over the 120 min lactate challenge (Figure 5.2). 
 Digestibility.  Dry matter intake did not differ (P = 0.96) between control and DFM 
treatments, 7.77 and 7.75 kg/d, respectively (Table 5.12).  Similarly, OM intake did not differ (P = 
0.96) between control (7.39 kg/d) and DFM (7.38 kg/d).  No differences (P = 0.68) were 
observed for N intake (167.0 vs. 163.7 g/d for control and DFM, respectively).  Apparent total 
tract DM digestibility did not differ (P = 0.89) between control (87.4 %) and DFM (87.5 %).  
Similarly, apparent total tract OM digestibility was not impacted (P = 0.94) by treatment (88.4 
vs. 88.5 % for control and DFM, respectively).  Treatment did not alter (P = 0.92) apparent total 
tract N digestibility.  Nitrogen digestibility was 78.7 % for control and 78.8 % for DFM.  Retained 
N did not differ (P = 0.57) between treatments (73.1 vs. 69.8 g/d for control and DFM, 
respectively).  Urinary N did not differ (P = 0.90) between control (58.2 g/d) and DFM (59.1 g/d). 
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Discussion 
 Performance Measures.  Gain and growth efficiency responses to DFM have been 
variable, with this variation typically attributed to differences in strain and dosage of DFM.  
Other workers have compared the affects of various dosages and combinations of lactate 
utilizing and producing bacteria on intake, gain, and efficiency (Elam et al., 2003; Vasconcelos et 
al., 2008); however, to date there have not been direct comparisons, which eliminates the 
possibility of confounding data with variations in diet and management practices, of mixed 
cultures of solely lactate producing bacteria to mixed cultures of lactate utilizing and producing 
bacteria.  Differences in DMI, ADG, and growth efficiency were not observed between LAB and 
control.  In a similar study, a mixed bacterial culture consisting primarily of Lactobacillus 
acidophilus and Enterococcus faecium was provided to Charolais steers during the finishing 
phase with similar results (Neuhold et al., 2012).  No differences in DMI, ADG, or growth 
efficiency were observed between control and DFM (Neuhold et al., 2012).  However, mixed 
cultures containing lactate producing and utilizing bacteria have been shown to improve ADG 
and growth efficiency (Elam et al., 2003; Swinney-Floyd et al., 1999), in this study, the only 
advantage gained from LAB/LU over LAB was an increase in DMI during the first 28 d.  Average 
daily gain was improved by LAB over LAB/LU when measured from d 0 to 84 and beyond and 
was 6.9 % greater over the entire 154 d study.  Similarly, growth efficiency was improved by LAB 
from d 0 to 84 and beyond.  Ultimately, there was a tendency for growth efficiency to be 6.3 % 
greater for LAB than LAB/LU over the entire study.  In light of previous findings that responses to 
DFM occur during the early phases of feeding (Elam et al., 2003; Hutchenson et al., 1980; 
Swinney-Floyd et al., 1999), it was unexpected to find differences between LAB and LAB/LU in 
the latter portions of the study. 
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 Carcass characteristics.  Carcass characteristics did not differ between control and LAB 
or LAB and LAB/LU.  Similarly Charolais steers fed a mixed bacterial culture of lactate producing 
DFM did not differ in HCW, YG, QG, or marbling score from control; however, DFM fed steers 
had a greater percentage of KPH compared with control carcasses (Neuhold et al., 2012).  Yield 
grades for steers fed Lactobacillus acidophilus tended to be smaller than control (2.55 vs. 2.66), 
although HCW, fat thickness, and marbling score did not differ between treatments (Peterson et 
al., 2007).  In that study, no differences in DMI, ADG, or final weight were observed.  Carcass 
characteristics were not altered in animals fed mixed bacterial cultures of lactate producing and 
utilizing bacteria in studies conducted by Swinney-Floyd et al. (1991) and Elam et al. (2003).  It 
has been proposed that manipulation of VFA production by DFM provision could lead to 
differences in fat synthesis and distribution (Elam et al., 2003).  Direct-fed microbials have been 
shown to alter ruminal fermentation, and in some cases an increase in the molar proportion of 
acetate has been observed with DFM supplementation (Ghorbani et al., 2002).  This is of note 
because acetate serves as the primary precursor for lipogenesis in beef cattle (McLeod et al., 
2007; Smith and Crouse, 1984). While there have been some indications that fat deposition may 
differ with DFM (Neuhold et al., 2012; Peterson et al., 2007) the results from this study do not 
suggest differences when cattle are fed either a mixed culture of lactate producing or lactate 
producing and utilizing bacteria.  
 Fermentation characteristics.  The mixed bacterial culture of lactate producing DFM, 
which primarily consisted of Lactobacillus acidophilus and Enterococcus faecium, did not alter 
total VFA concentrations, which is in agreement with previous work (Beauchemin et al., 2003; 
Ghorbani et al., 2002); however, a shift in the VFA profile was observed.  On average, across all 
time points, the molar proportion of acetate was 4.4 % greater for DFM.  Previous work has 
shown shifts in VFA profiles in response to DFM to be variable.  Ghorbani et al. (2002) found 
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that a combination of Propionibacterium and Enterococcus faecium resulted in an increase in 
the molar proportion of acetate.  In contrast, Beauchemin et al. (2003) observed an increase in 
the molar proportion of propionate with supply of Enterococcus faecium.  An increase in molar 
acetate proportion does not support the hypothesis of Yang et al. (2004), that lactate producing 
DFM stimulate the lactate utilizing bacterial population.  Instead, a shift towards increased 
propionate would be expected if lactate utilizing bacteria were increased, due to lactate’s role 
as an intermediate in propionate production via the acrylate pathway (Baldwin et al., 1962).  
Increases in acetate production are associated with increased methane production and 
therefore decreased efficiency (Johnson and Johnson, 1995).  However, it has been estimated, 
that on average, DFM increase gain efficiency by 2 % (Krehbiel et al., 2003); this ruminal 
fermentation data indicates that that increases in efficiency with DFM are not achieved through 
reductions in methanogenesis.   
 Volatile fatty acid concentrations and proportions did not differ by day with DFM 
provision; however, day by treatment interactions were observed for rumen pH measures.  
Rumen pH serves as the main diagnostic criterion for ruminal acidosis, with pH of 5.8 typically 
serving as the threshold for indication of subacute ruminal acidosis (Aschenbach et al., 2011).  
Mean, minimum, and maximum pH did not differ between control and DFM at d 14.  
Additionally, no changes in pH measures over time were observed for control.  However, DFM 
increased maximum pH from d 14 to 28 and also tended to increase mean and minimum pH.  
Average minimum pH was 5.83 at d 28 for control, compared to 6.16 for DFM.  While area under 
the curve, a function of the amount of time spent below the threshold pH of 5.8, did not differ 
between control and DFM, this data does give some indication that DFM may be beneficial in 
the prevention of subacute ruminal acidosis.  Previous reports on the impact of DFM on ruminal 
pH have been variable.  Mixed cultures of lactate utilizing bacteria have been shown to have no 
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effects on mean, minimum, or maximum pH (Ghorbani et al., 2002; Raeth-Knight et al., 2007).  
Provision of Enterococcus faecium to cattle has been shown to have no impact on mean and 
maximum pH, but reduce minimum daily pH (Beauchemin et al., 2003).  In contrast, a 
combination of Enteroccocus faecium, Lactobacillus plantarum and Saccharomyces cerevisiae 
has been shown to increase mean daily pH in Holstein cows in early lactation (Nocek et al., 
2002).  Similarly, Holstein cows treated with Saccharomyces cerevisiae plus a combination of 2 
strains of Enterococcus faecium exhibited higher mean pH vales pre-partum, as well as a less 
dramatic decline in rumen pH following parturition (Nocek et al., 2003).   
 Total VFA concentration did not differ by day; however, shifts in the VFA profile over 
time indicate that animals had not achieved full adaptation to the basal diet by d 14.  
Concentrations of acetate and butyrate tended to decrease from d 14 to 28, resulting in a 
tendency for a decrease in the molar proportion of acetate and significant increase in the molar 
proportion of propionate.  These shifts in VFA proportions are in agreement with previous data 
in cattle transitioning to high concentrate diets (Bevans et al., 2005).  Decreases in the 
prevalence Fibrobacter succinogenes, a fibrolytic bacteria, and Butyrivibrio fibrisolvens, which 
utilized both cellulose and starch, have been observed in cattle transitioning from forage to high 
concentrate diets (Fernando et al., 2010).  This is accompanied by increases in Megasphaera 
elsdenii, which utilizes lactate to produce propionate, and Selenomonas ruminantium, a 
propionate producing bacteria that utilizes a wide range of substrates including lactate 
(Fernando et al., 2010).   
 Ruminal ammonia concentrations are similar to those observed in animals fed similar 
diets.  In steers fed a high concentrate steam flaked corn based diet with 30 % distillers grain 
inclusion, ammonia concentrations ranged from approximately 2 mM before feeding and 
peaked at approximately 6 mM (Uwituze et al., 2011).  Similarly, steers fed a high-concentrate 
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steam flaked corn diet with 15 % distillers grain inclusion exhibited ammonia concentrations 
ranging from approximately 2.5 to 5.5 mM throughout interval between feedings (Luebbe et al., 
2012).  A tendency for a treatment by day interaction occurred for mean daily ammonia 
concentration, in which the mean daily ammonia concentration remained the same in DFM 
treated animals from d 14 to 28 (3.64 vs. 3.58 mM), whereas in control animals ammonia 
concentrations increased over time (2.38 vs. 4.84 mM).  Ammonia concentrations did not differ 
between control and DFM on d 14.  Liquid volume tended to be greater with DFM; however, this 
was the case at both d 14 and 28, suggesting that differences in liquid volume do not explain the 
treatment by d ammonia interaction.  Rumen pH has the potential to impact both proteolysis of 
feedstuffs and subsequent absorption of the released ammonia (Bach et al., 2005; Tillman and 
Sidhu, 1969).  The optimal range for activity of proteolytic enzymes ranges from 5.5 to 7.0; 
however, protein degradation is reduced at the lower end of that range (Kopecny and Wallace, 
1982).  The minimum pH for both control and DFM fell toward the lower range of that spectrum, 
measuring 5.83 and 6.16 for control and DFM, respectively; however, in this case lower rumen 
ammonia concentrations were observed in animals with higher rumen pH, suggesting that pH 
mediated differences in proteolytic enzyme activity do not explain the observed differences in 
ammonia concentration.  It is possible that proteolysis was reduced with DFM treatment 
independent of the effects of rumen pH, which is supported by evidence of decreased rumen 
degradability of feedstuffs in vitro with DFM (see Chapter 4).  Ammonia is a weak base, with a 
pKa of approximate 9.0; consequently, decreases in rumen pH increase the proportion of 
ammonium ions, which are less readily absorbed across the rumen epithelium than ammonia 
(Tillman and Sidhu, 1969; Visek, 1968).  Increased ammonia concentrations at d 28 in control 
animals may be a function of lower mean and minimum rumen pH measures, resulting in a 
greater proportion of ammonium ions and therefore decreased absorption and subsequently 
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greater accumulation in the rumen.  An alternative hypothesis is that DFM resulted in increased 
bacterial utilization of ammonia.  This hypothesis is supported by growth performance data that 
suggests that DIP requirements are increased with DFM provision (see Chapter 3).  Growth 
efficiency increased linearly with increasing DIP supply in DFM fed animals.  Maximum growth 
efficiency with DFM was not realized until 120 % of DIP requirement was supplied. 
 Lactate Challenge.  The production of SCFA and lactic acid at rates that exceed the 
rumens capacity for utilization, absorption, and outflow through the reticulo-omasal orifice 
results in an accumulation of acids in the rumen which depress pH and cause the onset of 
ruminal acidosis (Dijkstra et al., 2012).  Increasing ruminal lactate utilization would prevent the 
accumulation of lactic acid following consumption of diets high in readily fermentable 
carbohydrates and thereby avoid severe depressions in pH, thus allowing for prevention of 
acute cases of acidosis.  Based on work showing that various DFM decrease in vitro lactate 
accumulation (Chaucheyras et al., 1996; Kung and Hession, 1995), it has been hypothesized that 
DFM alter ruminal utilization of lactate (Yang et al., 2004).  In newly weaned calves, challenged 
with a diet formulated to provide high likelihood of acidosis induction, DFM improved ADG and 
growth efficiency during dietary adaptation (Swinney-Floyd et al., 1999).  Previously, direct 
measures of the impact of DFM on in vivo lactate metabolism and absorption have not been 
characterized.  Utilizing a novel method, a direct measurement of lactate disappearance from 
the rumen following a pulse does of neutralized lactate, and corrected for liquid passage rate, 
was obtained.  This method allows for the determination of the rate of combined ruminal 
lactate utilization and absorption across the rumen epithelium.  Rate of L and DL-lactate 
disappearance, independent of outflow through the reticulo-omasal orifice, did not differ with 
day or treatment in response to a pulse dose of lactate (Figure 5.3).  Additionally, plasma L-
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lactate levels remained unchanged.  These results indicate that combined ruminal utilization and 
absorption of lactate was not influenced by DFM provision.   
 Ruminal acidosis ranges in severity from subacute to acute cases, which are 
diagnostically differentiated by rumen pH.  Subacute ruminal acidosis is characterized by 
repeated bouts of low pH following feeding that recover to normal levels (Aschenbach et al., 
2011).  The threshold for subacute ruminal acidosis is generally defined as having a rumen pH 
that falls below 5.8 to 5.5 and is associated with the accumulation of SCFA instead of lactic acid 
(Aschenbach et al., 2011; Lettat et al., 2010).  Subacute ruminal acidosis is the result of 
increased propionic or butyric acid accumulation at the expense of acetate (Lettat et al., 2010). 
In contrast, acute ruminal acidosis is typically defined as having a rumen pH that falls below a 
range from 5.2 to 5.0 and is associated with increased accumulation of lactic acid (Aschenbach 
et al., 2011; Nagaraja and Titgemeyer, 2007).  Although minimum rumen pH fell into the range 
for diagnosis of subacute ruminal in this study, rumen pH was not depressed to levels associated 
with acute ruminal acidosis.  This suggests that animals were not challenged with large 
accumulations of lactate on this diet, which is consistent with in vivo measures of lactate on d 14 
and d 28 that were below detectable levels over the 12 h characterized after feeding.  However, 
increases in rumen pH combined with a shift towards greater molar proportion of acetate 
suggest that DFM may not alter ruminal lactate utilization, they may aid in prevention of 
subacute ruminal acidosis.  This is significant because although clinical symptoms are not as 
severe, subacute ruminal acidosis is the more prevalent form of acidosis in the feedlot (Nagaraja 
and Lechtenberg, 2007).   
 Nutrient availability is dependent on both feedstuff digestibility and passage rate, with 
extent of degradation decreasing as passage rate increases; however, nutrient throughput can 
be increased with increased passage rate as a result of increases in intake.  Both modification of 
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feedstuff digestibility or rate of passage could contribute to differences in growth performance 
observed with DFM.  In this study, apparent total tract DM and OM digestibility did not differ 
with DFM, nor did apparent N digestibility or retained N.  Similarly, Yang et al. (2003) found no 
differences in DM, OM, starch, NDF, or ADF digestibility in continuous culture with 
supplementation of Propionibacterium, Enterococcus. faecium, or Enterococcus. faecium plus 
Saccharomyces cerevisiae.  In another study, supplementation with Enterococcus faecium, alone 
or in combination with Saccharomyces cerevisiae, had no effect on apparent total tract DM 
digestibility, but tended to decrease OM digestibility (Beauchemin et al., 2003).  In situ DM 
disappearance of barley silage, alfalfa hay, and wheat straw did not differ in animals adapted to 
a high-concentrate diet and treated with Propionibacterium or Propionibacterium plus 
Enterococcus faecium (Ghorbani et al., 2002). However,  combinations of yeast and 
Enterococcus faecium have been shown to improve ruminal digestion of forage DM in Holstein 
cows during the transition period (Nocek and Kautz, 2006).  Liquid passage rate was not 
impacted by DFM provision, which is in agreement with previous work using live yeast cultures 
(Harrison et al., 1988; Wiedmeier et al., 1987).  Typical liquid dilution rates range from 4 – 10 
%/hr (Church, 1988), which is greater than values observed in this study.  A number of factors 
influence liquid dilution rate, including intake and proportion of concentrate in the diet.  
Typically decreases in liquid passage are observed as the proportion of concentrate in the diet 
increases and also has dry matter intake decreases (Church, 1988).  It is possible that the below 
average values observed in this study are the combined effects of limiting feeding a high 
concentrate diet (90:10 concentrate to forage). 
Summary 
 Although previous work has shown improvements in growth performance with DFM, in 
this study neither lactate producing DFM nor a combination of lactate producing and utilizing 
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DFM provided advantages in growth performance.  Additionally, carcass characteristics were not 
impacted by either DFM culture.  While no differences in growth performance were observed, 
lactate producing DFM increased ruminal pH and the molar proportions of acetate and 
therefore may be beneficial in prevention of subacute ruminal acidosis.  However, this data does 
not support the hypothesis that DFM aid in prevention of ruminal acidosis through modification 
of ruminal lactate utilization.  Shifts in the rumen VFA profile towards greater acetate suggest 
that improvements in growth efficiency previously observed with DFM are not due to reductions 
in methanogensis.  Modification of feedstuff digestibility by DFM has been proposed as an 
explanation for improved growth performance; however, these results show that total tract 
digestibility and rate of liquid passage are not impacted by a mixed culture of lactate producing 
DFM. 
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Table 5.1. Dry matter composition of finishing diets 
 
Ingredient  
% Inclusion 
Step-up Diet 1 Step-up Diet 2 Step-up Diet 3 Final Diet  
Corn Silage 20.0 15.0 10.0 5.00 
Haylage 20.0 15.0 10.0 5.00 
Steam Flaked Corn 15.0 25.0 35.0 45.0 
High Moisture Corn 20.0 20.0 20.0 20.0 
Wet Distillers Grain 20.0 20.0 20.0 20.0 
Ground Corn 3.42 3.42 3.42 3.42 
Limestone 1.00 1.00 1.00 1.00 
Trace Mineral 
Premix1 
0.25 0.25 0.25 0.25 
Urea 0.175 0.175 0.175 0.175 
Tallow 0.125 0.125 0.125 0.125 
Vitamin Premix2 0.011 0.011 0.011 0.011 
Rumensin- 90 0.009 0.009 0.009 0.009 
Thiamine 91% 0.0004 0.0004 0.0004 0.0004 
1Trace Mineral Premix – Salt, not less than 92% not greater than 96%, Zinc 0.55%, Iron 0.93%, 
Manganese 0.48%, Copper 0.18%, Iodine 0.01%, Selenium 0.01%, Cobalt 0.01% (2653L, 
Burkmann Feeds, Danville, KY) 
2Vitamin Premix – Vitamin A 1,818,182 IU/kg, Vitamin D 363,000 IU/kg, Vitamin E 227 IU/kg 
Table 5.2. Dry matter diet composition of basal diet, experiment 2 
 
Ingredient  
% Inclusion   
Step-up Diet 1 Step-up Diet 2 Final Diet 
Corn Silage 20.0 12.5 5.00 
Haylage 20.0 12.5 5.00 
Steam Flaked Corn 21.0 31.5 42.0 
High Moisture Corn 9.00 13.5 18.0 
Dry Distillers Grain 20.0 20.0 20.0 
Ground Corn 6.88 6.88 6.77 
Limestone 2.00 2.00 2.00 
Trace Mineral Premix1 0.50 0.50 0.50 
Urea 0.35 0.35 0.35 
Choice White Grease 0.25 0.25 0.25 
Vitamin Premix2 0.02 0.02 0.02 
Thiamine 91% 0.0005 0.0005 0.0005 
1Trace Mineral Premix – Salt, not less than 92% not greater than 96%, Zinc 0.55%, Iron 0.93%, 
Manganese 0.48%, Copper 0.18%, Iodine 0.01%, Selenium 0.01%, Cobalt 0.01% (2653L, 
Burkmann Feeds, Danville, KY) 
2Vitamin Premix – Vitamin A 1,818,182 IU/kg, Vitamin D 363,000 IU/kg, Vitamin E 227 IU/kg 
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Table 5.3. Impact of direct-fed microbials on growth performance per period, experiment 1 
 Treatment  Contrasts 
 Control LAB1 LAB/LU2 SEM3 Con vs.  
LAB 
LAB vs. 
LAB/LU Item 
Initial BW, kg 354.5 355.6 354.6 1.0 0.41 0.48 
Dry Matter Intake, kg       
     0-28 d 8.61 8.55 8.96 0.12 0.74 0.04 
     29-56 d 8.62 8.64 8.35 0.22 0.95 0.36 
     57-84 d 9.74 9.81 9.69 0.28 0.85 0.75 
     85-112 d 10.35 10.36 10.26 0.21 0.97 0.74 
     113-132 d 10.04 10.25 9.81 0.28 0.62 0.29 
     133-154 d 10.38 10.11 10.20 0.43 0.67 0.89 
Average Daily Gain, kg       
     0-28 d 2.00 2.03 1.92 0.09 0.78 0.41 
     29-56 d 1.68 1.75 1.63 0.09 0.64 0.38 
     57-84 d 2.08 2.23 2.01 0.08 0.19 0.06 
     85-112 d 1.84 1.90 1.87 0.11 0.73 0.84 
     113-132 d 1.78 1.96 1.70 0.12 0.31 0.16 
     133-154 d 1.52 1.36 1.37 0.13 0.41 0.95 
Gain Efficiency, g/kg       
     0-28 d 231.9 238.4 215.0 10.5 0.67 0.14 
     29-56 d 195.9 202.9 195.7 12.3 0.70 0.69 
     57-84 d 213.2 227.3 206.7 7.2 0.19 0.07 
     85-112 d 178.2 182.4 182.0 10.1 0.77 0.98 
     113-132 d 175.7 192.4 173.2 10.7 0.29 0.23 
     133-154 d 148.0 134.2 133.9 13.0 0.46 0.99 
Final Weight, kg 634.2 644.3 624.5 6.3 0.28 0.05 
1LAB – lactate producing direct-fed microbial 
2LAB/LU – lactate producing and utilizing direct-fed microbial 
3n=6 pens/trt 
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Table 5.4. Impact of direct-fed microbials on growth performance, experiment 1 
 Treatment  Contrasts 
 Control LAB1 LAB/LU2 SEM3 Con vs. 
LAB 
LAB vs. 
LAB/LU Item 
Dry Matter Intake, kg       
     0-28 d 8.61 8.55 8.96 0.12 0.74 0.04 
     0-56 d 8.62 8.60 8.65 0.15 0.93 0.80 
     0-84 d 8.99 9.00 9.00 0.18 0.96 0.98 
     0-112 d 9.33 9.34 9.31 0.18 0.96 0.91 
     0-132 d 9.44 9.48 9.39 0.17 0.87 0.71 
     0-154 d 9.57 9.57 9.50 0.16 0.99 0.77 
Average Daily Gain, kg       
     0-28 d 2.00 2.03 1.92 0.09 0.78 0.41 
     0-56 d 1.81 1.86 1.74 0.06 0.56 0.20 
     0-84 d 1.89 1.97 1.83 0.05 0.23 0.04 
     0-112 d 1.88 1.96 1.84 0.04 0.24 0.07 
     0-132 d 1.99 1.97 1.83 0.04 0.14 0.03 
     0-154 d 1.82 1.87 1.75 0.04 0.30 0.04 
Gain Efficiency, g/kg       
     0-28 d 231.9 238.4 215.0 10.5 0.67 0.14 
     0-56 d 209.8 216.5 201.4 7.1 0.52 0.16 
     0-84 d 210.6 219.7 202.7 4.7 0.19 0.02 
     0-112 d 201.7 209.5 197.1 4.5 0.25 0.07 
     0-132 d 199.0 208.3 194.7 4.2 0.14 0.04 
     0-154 d 190.0 196.3 184.7 4.2 0.31 0.07 
       
1LAB – lactate producing direct-fed microbial 
2LAB/LU – lactate producing and utilizing direct-fed microbial 
3n=6 pens/trt 
  
81 
 
 
Table 5.5. Effect of direct-fed microbials on carcass characteristics, experiment 1 
 Treatment  Contrasts 
 Control LAB1 LAB/LU2 SEM3 Con vs. 
LAB 
LAB vs. 
LAB/LU Item 
Hot Carcass Weight, kg 392.33 399.50 389.17 4.65 0.30 0.14 
Dressing Percentage 61.98 62.07 62.32 0.18 0.74 0.33 
Backfat thickness, cm 1.69 1.55 1.53 0.14 0.49 0.93 
Yield Grade4 3.26 3.04 3.00 0.18 0.40 0.87 
Quality Grade 4.13 4.25 4.24 0.21 0.67 0.96 
Marbling Score5 253.00 279.17 273.17 17.15 0.30 0.81 
1LAB – lactate producing direct-fed microbial 
2LAB/LU – lactate producing and utilizing direct-fed microbial 
3n=pens/trt 
 4USDA Yield Grade: Standard = 1; Low Select = 2; High Select = 3; Low Choice = 4; Choice = 5; 
High Choice = 6; Low Prime = 7; Prime = 8; High Prime = 9. 
5US Marbling Score: Slight = 100; Small = 200; Modest = 300; Moderate = 400; Slightly Abundant 
= 500; Moderately Abundant = 600; Abundant = 700. 
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Table 5.6. Effects of direct-fed microbial and day on ruminal fermentation measures, experiment 2 
 Day 14 Day 28  P Value 
Item Control DFM Control DFM SEM1 Day Treatment Day × Trt 
Total VFA, mM 128.19 124.60 126.94 113.58 6.04 0.31 0.19 0.42 
Acetate, mM 58.45 59.45 51.34 52.44 3.52 0.06 0.78 0.99 
Propionate, mM 29.33 26.22 33.52 28.00 2.75 0.28 0.15 0.66 
Butyrate, mM 14.34 13.52 13.33 9.7 1.22 0.06 0.10 0.26 
Acetate:Propionate 2.11 2.35 1.69 2.06 0.21 0.11 0.18 0.74 
Molar Proportion, 
mol/100 mol 
        
 Acetate 54.47 57.72 50.16 55.16 1.63 0.07 0.02 0.46 
 Propionate 27.33 25.18 32.17 29.80 2.47 0.07 0.39 0.97 
 Butyrate 13.34 12.95 13.24 10.09 1.24 0.24 0.19 0.28 
Ammonia, mM 2.38a 3.64a 4.84b 3.58a 0.68 0.08 0.99 0.07 
pH 6.04a 6.05a 6.09a 6.35b 0.07 0.02 0.08 0.08 
abMeans with different superscripts within the same row differ (P < 0.05) 
1n=6/trt 
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Table 5.7. Effects of day and sampling hour on ruminal fermentation measures, experiment 2 
 Day 14 Day 28     
 0 3 6 9 12 0 3 6 9 12 SEM1 Day HR Day × 
HR Item 
Total VFA, mM 129.6 130.1 126.9 120.8 124.6 118.0 129.5 129.7 112.4 111.7 6.2 0.31 0.05 0.45 
Acetate, mM 62.1 58.9 58.5 56.6 58.7 51.9 55.4 55.5 50.0 46.7 3.4 0.06 0.45 0.35 
Propionate, mM 25.9 30.7 28.6 26.9 26.8 30.3 35.4 35.7 28.9 23.4 2.7 0.28 <0.01 0.20 
Butyrate, mM 15.0 14.6 13.6 12.9 13.6 11.6 12.7 12.5 10.6 10.2 1.1 0.06 0.16 0.39 
Acetate:Propionate 2.56 1.98 2.11 2.22 2.27 1.95 1.73 1.77 1.94 2.01 0.16 0.11 <0.01 <0.01 
Molar Proportion, 
mol/100 mol 
              
 Acetate 58.1 54.5 55.0 56.3 56.6 53.3 51.7 52.1 53.8 54.1 1.2 0.07 <0.01 0.22 
 Propionate 23.5 28.4 27.3 26.3 25.8 30.4 32.3 32.2 30.5 29.5 1.8 0.07 <0.01 <0.01 
 Butyrate 13.6 13.2 12.8 13.0 13.1 11.7 11.9 11.6 11.4 11.7 0.93 0.24 0.65 0.69 
Ammonia, mM 2.98 3.32 2.75 2.58 3.44 3.68 5.03 3.36 3.33 5.66 0.92 0.08 0.25 0.84 
pH 6.14 5.72 6.04 6.10 6.24 6.33 6.03 6.09 6.28 6.36 0.07 0.02 <0.01 0.09 
1n=12 
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Table 5.8. Effects of direct-fed microbials and sampling hour on ruminal fermentation measures, experiment 2 
 Control DFM     
 0 3 6 9 12 0 3 6 9 12 SEM1 TRT HR TRT 
× HR Item 
Total VFA, mM 131.1 133.9 136.7 117.3 118.9 116.4 125.8 119.9 115.9 117.4 6.2 0.19 0.05 0.32 
Acetate, mM 58.9 56.3 57.7 52.0 49.6 55.1 58.0 56.3 54.6 55.8 3.5 0.78 0.45 0.38 
Propionate, mM 30.8 35.9 36.5 29.3 24.7 25.4 30.2 27.8 26.5 25.6 2.7 0.15 <0.01 0.26 
Butyrate, mM 14.8 15.3 14.5 12.5 12.1 11.7 12.1 11.5 11.1 11.7 1.1 0.10 0.16 0.47 
Acetate:Propionate 2.12 1.70 1.77 1.94 1.98 2.39 2.01 2.11 2.21 2.30 0.16 0.18 <0.01 0.81 
Molar Proportion, 
mol/100 mol 
              
 Acetate 54.0 50.5 50.6 53.1 53.3 57.3 55.6 56.5 56.9 57.4 1.3 0.02 <0.01 0.04 
 Propionate 27.6 31.6 31.2 29.4 28.9 26.3 29.1 28.3 27.4 26.3 1.8 0.39 <0.01 0.41 
 Butyrate 13.5 13.9 13.1 13.0 13.0 11.8 11.3 11.2 11.5 11.8 1.0 0.19 0.65 0.40 
Ammonia, mM 3.32 4.57 2.59 2.92 4.67 3.34 3.77 3.52 2.99 4.43 0.93 0.99 0.25 0.89 
pH 6.18 5.79 5.98 6.16 6.22 6.29 5.96 6.15 6.23 6.38 0.07 0.08 <0.01 0.79 
1n=6/trt
 
 
 
Table 5.9. Effect of direct-fed microbial and day on rumen pH measures, experiment 2 
abMeans with different superscripts within the same row differ (P < 0.05) 
1n=6/trt 
2Area under the curve below a pH of 5.8 
Table 5.10. Effect of direct-fed microbial and day on ruminal kinetics, experiment 2 
 Day  Treatment  P Value 
 
Item 
Liquid Passage, 
%/hr 
14 28 SEM1 Control DFM SEM2 Day TRT Day × 
Trt 
3.40 3.40 0.51 3.73 3.08 0.56 0.99 0.41 0.18 
Rumen Liquid 
Volume, L 
72.8 58.9 6.9 55.7 76.0 7.5 0.18 0.07 0.90 
1n=11 
2control n=10, DFM n=12, SEM calculated using n=10 
 
Table 5.11. Effect of direct-fed microbial and time on lactate challenge characteristics, 
experiment 2 
 Day  Treatment  P Value 
 
Item 
Lactate Disappearance 
14 28 SEM1 Con DFM SEM2 Day TRT Day × 
TRT 
          
 L, %/hr 2.68 3.08 0.57 2.86 2.90 0.49 0.58 0.96 0.43 
 DL, %/hr 2.15 2.60 0.53 2.72 2.01 0.47 0.52 0.33 0.22 
Plasma L Lactate, mM 0.83 0.61 0.21 0.80 0.64 0.18 0.40 0.55 0.54 
Rumen pH 5.76 5.91 0.10 5.73 5.95 0.11 0.34 0.16 0.94 
1d 14 n=10, d 28 n=8, SEM calculated using n=8 
2control n=8, DFM n=10, SEM calculated using n=8  
 Day 14 Day 28  P Value 
Item Control DFM Control DFM SEM1 TRT Day Day × 
Trt 
Minimum pH 5.69a 5.70a 5.83a 6.16b 0.09 0.10 <0.01 0.10 
Maximum pH 6.43a 6.29a 6.31a 6.53b 0.09 0.64 0.46 0.05 
Area Under the 
Curve2 
3.36 3.15 0.37 0.07 0.63 0.54 <0.01 0.75 
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Table 5.12. Impact of direct-fed microbials on apparent total tract digestibility, experiment 2 
Item 
DM Intake, kg/d 
Control DFM SEM1 P Value 
7.77 7.75 0.31 0.96 
OM Intake, kg/d 7.39 7.38 0.29 0.96 
N Intake, g/d 167.0 163.7 5.7 0.68 
DM Digestibility, % 87.4 87.5 0.7 0.89 
OM Digestibility, % 88.4 88.5 0.7 0.94 
N Digestibility, % 78.7 78.8 0.9 0.92 
Retained N, g/d 73.1 69.8 4.1 0.57 
Urinary N, g/d 58.2 59.1 5.2 0.90 
1control n=5, DFM n=6, SEM calculated with n=5 
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Figure 5.2. Ruminal pH during lactate challenge  
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Figure 5.1. Plasma L-Lactate during lactate challenge 
0 50 100 150
0.0
0.5
1.0
1.5
Time P = 0.02
Time, Min
Pl
as
m
a 
L-
La
ct
at
e
 
  
88 
 
 
 
Figure 5.3. Ratio of DL-lactate to CrEDTA 
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CHAPTER 6: Conclusions 
 A number of potential applications for DFM use in conventional cattle production 
systems have been previously proposed, from reducing morbidity in newly received cattle to 
increasing feed efficiency in the latter parts of the finishing phase, with considerable interest 
being placed on the capacity for DFM to serve as an alternative to antibiotics.  Direct-fed 
microbials is a very broad characterization, defined by the FDA simply as a source of viable 
microorganisms, which includes multiple strains of bacteria as well as yeast.  Comparisons of 
various DFM studies can be difficult due to the variety of combinations of DFM and dosages 
utilized by different researchers, particularly with in vivo rumen fermentation studies due to a 
large number of researchers’ utilization of combinations of yeast and bacterial DFM.  This series 
of studies is unique in that it explores the impact of a mixed bacterial culture of lactate 
producing DFM, fed at a constant rate across studies, on performance during multiple phases of 
production as well as on in vitro and in vivo fermentation characteristics.   
 In this series of studies, the effects of a mixed bacterial culture of lactate producing 
DFM, consisting primarily of Lactobacillus acidophilus and Enterococcus faecium, on growth 
performance were variable.  No differences in intake, gain, or growth efficiency during the 
finishing phase or impacts on carcass characteristics were observed.  However, DFM improved 
gain and growth efficiency during the early portions of the receiving phase when metabolizable 
protein requirements were met but not exceeded and DIP supply was in excess of the animal’s 
requirements.  Although post-ruminal effects of DFM cannot be eliminated, in fact differences in 
fecal pH indicate that DFM were exerting an effect on the hindgut during the early portion of 
the receiving phase, though they do not explain the varying response to DIP supply.  This 
suggests that DFM altered ruminal fermentation, resulting in an increase in DIP requirements 
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above NRC (1996) recommendations.  This hypothesis is supported by shifts in endpoint VFA 
profiles toward greater molar proportions of acetate in vitro with DFM.  Similarly, greater molar 
proportions of acetate were observed in vivo along with increased rumen pH.  Total tract 
digestibility, humoral immune response, and morbidity did not differ with DFM, suggesting that 
these mechanisms do not explain differences in gain and efficiency observed with DFM 
provision. 
 Increases in minimum and mean daily rumen pH, as well as shifts toward greater 
proportions of acetate, with DFM in cattle fed high concentrate diets suggest that DFM 
provision may aid in the prevention of subacute ruminal acidosis.  Prevention of subacute 
ruminal acidosis in the feedlot would prevent economic losses through both initial treatments 
for digestive disorder and subsequent depressions in performance.  Although previous workers 
have suggested that DFM prevent ruminal acidosis through modulation of ruminal lactate 
utilization, these results show that combined ruminal utilization and absorption of L and DL-
lactate is not influenced by DFM.  Although, as a whole, these results support the assertion that 
DFM modulate ruminal fermentation, further research is necessary to identify their mode of 
action. 
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